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THE SYNDROME OF PAINFUD DISABILITY OF THE 
SHOULDER AND HAND COI^IPLICATING 
CORONARY OCCLUSION 

JoHX Martin A.skey, jM.D. 

Los Angeles, Calte. 

W E WISH to clcscril)c a syndrome of painful disabiliiy of both the 
.shoulder and hand which persists for several months to one or two 
years after coronary occlusion. It seems clear that it is precipi- 
tated by coronary occlusion, ina.smuch as only six of eighteen patients 
had had any previous ipiper extremity pain, and in these six the pain 
was mai'hodly increased by the cai'diac attack. 

The syndrome of combined shoulder and hand disability has not, been 
described, although we feel that it is not a rare sequel of coronaiy oc- 
clusion. Several cases in Ernstenc’s rejiorP arc, we believe, of this 
type. We do not refer to the left arm and hand pain after a paroxysm 
of angina pectoris, when the extremity is held immobile for fear of ex- 
citing more pain, but to a persistent, painful disability which is associ- 
ated with restriction of shoulder movement and swelling of the fingers. 


MATERIAL 

We have ob.servecl twenty-two patients with this syndrome. The diagnosi.s of 
coronary occlusion was made in eighteen, and was confirmed by the electrocardiogram 
in fifteen. We iiave included four more with a diagnosis of long-standing angina 
pectoris. In all four there had been an unusually severe attack prior to the de- 
velopment of tlic shoulder and liand pain. Several of the eighteen had had repeated 
occlusions. There were eleven men and eleven women, ranging in ago from 4S to 79. 

THE SYNDROJIE 

It is important to emphasize that the syndrome was coincident with, 
or occurred after, coronary occlusion or pcrsi.stent angina pectoris; other- 
wise, it might be dismissed as a fortuitous event which was only to be ex- 
pected in patients beyond the age of 40. Because of the rather uncertain 
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nnlure of llio -whole symptom complex anti its mechanism of proclnetion. 
we wish to de.serihe the chanties in detail. 

The syndrome rc.scmhlcs that of acute or subacute periarthritis of 
one or both shoulders, followed, usually in days or weeks, hy stiffness, 
liain, and .swellintr of one or both hands (Table I). The shoulder in- 
volvement is associated with painful restriction of arm abduction and 
external rotation. 

The on.set of the pain may coincide with the oeclu.sion, and it may bo 
of exernciatinjr intensity, i-cquirinir inorphine, with marked trapexial 
tendernc.ss. or it may appear .several weeks after the cardiac seizure, and 
be mild, localized to the deltoid area, and attributed, perhaps, to a hypo- 
dermic injection. In one case, the .shoulder pain developed .seven months 
after the occlusion. Those whoso pain came -iveeks or months later usu- 
ally first noticed disti’c.ss on abduction, as in the act of puttinp on a coat, 
blither or both .shouldci-s may be involved. This disability, winch pre- 
vents abduction or external rotation, lasts, altbousb .irradually improv- 
in". for an avera're of six months. Within a few days or weeks, there 
appears a mild unilateral or bilateral pain in the hands, with stiffness 
and inability to close the hand. This stiffness "rows quickly wor.so; 
the finsror .joints become swollen ; and the .skin becomes tense and jrlo.ssy, 
with obliteration of the intcrphalanjreal wrinklin". The hand, in severe 
cases, is fixed in extension. There is often a deep rose-red suffusion of 
the i)alms. Usually, there is pain only with an attempt to close the 
hand. The fingers are more stiff than ])ainful. Tn one instance, how- 
ever. there was exquisite tenderness of the hand, with constant burning 
])ain whicb was inade woi'sc by heat and relieved by ice. A violaceous 
discoloration ai)pcai'cd on the })alm. and both palm and dorsum de- 
veloped an exfoliative ra.sh. 

Tn another case, that of a pediatrician, the appearance of the hands, 
with their swollen, tense .joints, glo.ssy skin, and ]nu’pli.sh-red discolora- 
tion of the ])alms led the patient and a colleague to state “if these 
changes occurred in children, avc Avould diagnose them as acrodynia.” 

The>;e two cases suggested that the role of the sympathetic nerves 
was ])redominant. The more common t.vi)e suggests merel.v 'h rather 
ra]>id development of arthi-itis, with a verv gradual improvement. 

The haml involvement subsequent to the shoulder pain is junhably 
an extension of the syndrome of .shoulder pain alone after coronary 
occlusion, as ]n-eviou.sly described.^-''’ ^ A 7iumber of patients who W('re 
seen long after coronary occlusion and had had severe shoulder pain 
did not mention hand .swelling and stiffnc.ss, but the fact that these s.vmp- 
loms occuri'cd was elicited b.v (pie.stiojiing. T think that this occurs in 
man.v of those who sujiposcdly have .shoulder involvement alone, but is 
of jiiino]- degree and may be overlooked. 

*Th'- foSIiAviii;; t n':i“ le-t .*‘••'11 vin e tliW ii'iii'T w.Ti wtitti-ri; ScIllMie-. -T- U . 

firs.I Wliil*', l’;ea I>. ; IJrit. H* rirt .T. Al.vjilc.il I’.tlri iti I’cctorlM tttnl M.v'-c.inllal 

Infnn-tlr.r.. .\iirll. lein. 



ASKKY: CORONAKY OCd-USIOX 


3 


It is inlercstiiig that many ]'>a1icnls, a£(cv a few monllis, clcvelo]) dis- 
tinct thickening of the jialmar aponeurosis near tlm mctacar])o])halangoal 
.iunetion, usually of the middle and ring tingoi-s. The overlying skin 
is ])uckered and thick and rcsemhles the early stage of Dupiiytrcn’s 
contracture. This was called to my attention by Dr. William Paul 
Thomiison in two of his cases, and T have been able to find it in five 
others. The hardening fails to progress to contracture and has notice- 
ably diminished in two ca.scs. Its association with the .syndrome seems to 
he definite and not fortuitous, although its significance is not clear. 

The .shoulder pain usually appeared first, but in Ayc of twenty-two . 
ca.ses the hand pain iirccedcd the .shoulder pain by one to four months. 

Both in the shoulder and hand the pain is relatively intractable and 
liersists for months. Inpirovcment is gradual ; usually the shoulder iniin 
leaves first, with slower improvement in the hand, in which the swelling 
and disability may conpfietcly or partially disappear. This may take 
months or one to two years. Of ten patients who were .seen from fifteen 
months to two and a half years after occlusion (Table I), only two 
have completely recovered the function of their hands. In only two of 
twenty-two cases were joints other than the shoulders or hands involved 
after the occlusion. In one there was pain in the right hi]i, and, in the 
other, in both ankles. 

A PAlXFUIi POINT 

During the stage of .shoulder pain, a point of localized tenderness was 
found in fifteen of sixteen ca.se.s in which in-cssure was exerted over 
the anterior border of the trapezius muscle upon the mesial angle of the 
superior border of the scapula. The more severe the shoulder pain, the 
more acutely tender was this point. It apparently corresponded to the 
site of trapezius branches of the cervical plexus. The brachial plexus 
was not acutely sensitive to pre.s.surc. 

Libman, et al.,- have reported that the ])ain of .subacromial bursitis may 
be relieved by pressure against the spine at. tbe level of the angle of the 
jaw. In certain eases. Boas and Levy'* were able to relieve the shoulder 
pain which followed coronary occlusion by ]n-e.ssurc on the brachial 
plexus. Edeiken and Wolferth'* de.seribed a “trigger zone over the u]i- 
per border of the left .sca]mla Avhere pre,ssure induced ])ain in the left 
shoulder and up over the left side of the neck.” 

In two cases in which .shoulder pain develo]icd simultaneously with 
the occlusion, we decided to attempt to relieve it by i)i-e.ssing over the 
painful trapezius. Pressure eamsed such agonizing ]>ain that it could 
be applied only after the administration of evipal. Then it was applied 
over the painful point for three minutes. The relief of pain and limita- 
tion of motion were remarkable. In one case the relief was permanent; 
in the other the pain has returned on .several occasions after overwoi'k, 
and each time it has been relieved by pressure. In a third ease, in which 
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pressure was applied one month after the development of the shoulder 
pain, there was partial relief. 

In another case of pain in the shoulder of many months’ duration, 
pressure gave no relief from tlie pain caused by abduction. 

As most of the patients wei-e seen a number of months after the 
onset of shoulder pain, when they had established disability of the 
shoulder and swelling of the hands, pressure was not attempted, although 
increased tenderness was found in all but one case. Hypersensitive 
persons are someAvhat tender over this point, and it is important to 
disregard anything but marked tenderness. 

It may be significant that, in this at3q)ical syndrome with shoulder 
pain, the cervical plexus nerves ai’e sensitive. We have not found this 
marked sensitivity in cases of coronary occlusion without shoitlder pain. 
Edeiken and Wolferth’s'* trigger zones over the scapula, which arc 
associated with postoeelusion shoulder pain, may also repi’esent sensi- 
tized cervical plexus nerves. The signihcanee of this observation is un- 
certain. We mention it merelj’- so that it may be studied by others, Tim 
relief of the acute, excruciating pain in two cases was dramatic, but tl)c 
explanation is obscure. We do not feel that the evipal was a factor. 

LOCALIZATION OF JOINT IKVOLTOSIENT 

Persistent pain and disability developed predominantly in the left 
shoulder and left hand in ten cases, in the right shoulder and hand in 
eleven cases, and in one there was no difference, i.e., both shoulders and 
both hands wei’e equally involved. This high percentage of patients 
with right-sided involvement, which is contrary to the typical left-sided 
anginal radiation, suggested the possibility of pre-existing arthritis as 
an etiological factor. The occurrence of pain and sivelling in the hand 
preceding the shoulder involvement in five cases was an additional 
feature. The role of coronary occlusion in precipitating the .syndrome 
.seemed definite. 

PRE-EXISTING ARTHRITIS 

Whether or not there was a pre-existing artliritis must be ascertained 
from the hi.story and the interpretation of the roentgenograms. Five 
patients gave a history of previous pain in the shoulder, and in all of 
these ca.ses it was mild. One gave a history of preceding hand involve- 
ment, She had had stiffness of the hands sinee undergoing a thyroidec- 
tomy eight years before. Of two others, one had had rheumatic fever 
at the age of 15 years, and the other had had mild osteoarthritis of both 
knees several years before. Fourteen gave no history of any previous 
joint trouble. 

ROENTGENOLOGIC OBSERVATIONS 

Roentgenograms were taken of both shoulders and both hands in nine- 
teen cases, regardless of the site of the pain and disability. The di.s- 
cordance between clinical signs and symptoms and roentgenologic in- 
terpretations in the case of any one joint is well known. 
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Roentgenograms of both shonlclers and both bands were made in nine- 
teen cases; in sixteen of these cases there were bony changes in either the 
slioniders or hands. Several roentgenologists -were asked to interpret 
the abnormalities, and their individual opinions concurred. Two other 
patients had single roentgenograms of the affected .shoulder; one showed 
a calcific bursitis, and the other .showed no change. In one case no 
roentgenologic examination was made. There was no absolute correla- 
tion between the degree of change and the side of greater involvement. 
Of the nine patients with pi-cdominantly left-sided pain, six had bi- 
laterally equal or chiefly left-sided roentgcnographic changes. Two 
showed more abnormalities on the right side than on the left. 

Those with predominantly right-sided involvement showed, usually, 
roentgenologic changes in both .shoulders. 

The natural tendency for anginal radiation to be left .sided makes any 
correlation difficult. 

TREATMKNT 

Various measures were used in the treatment, and were directed chiefly 
at the relief of pain. Aside from the narcotics, they seemed of little 
value. Cobra venom, bee venom, large doses of thiamin, salicylates, and, 
in one case, a paravertebral alcohol injection of the first and second 
dorsal sympathetic ganglia had only a ncgligilfic ciTcct. The patients 
who had foci of infection removed did no bettor than the others. In 
many cases, heat was intolerable in the early stages, but later, with 
massage, seemed to help the ha'nds. 

DISCU.SSIOX 

The important point in this syndrome, in my opinion, is the precipitat- 
ing effect of coronary occlusion. Although the syndrome occurred in 
four cases in which only .severe angina pectoris was diagnosed, there is 
a strong suspicion that unrecognized occlusion may have occurred. 

The sequence of events seemed to be myocardial ischemia, cardiac 
pain, shoulder pain, and, later, hand pain. 

Clinically, the manifestations in the hand were caused by a combina- 
tion of sympathetic nerve di.sturbancc and arthritis, with varying degi-ees 
of predominance of one or the other. With causalgia as a result of .sympa- 
thetic nerve irritation, the skin of the hands becomes smooth, glossy, 
and bright red; this occurred in a number of our cases, llupuytren’s 
contracture is regarded by many neurologists as the result of dysfunc- 
tion of the sympathetic nervous .system." It was found in seven of 
ten of our patients who were examined for it.. 

The course of the hand disability, although it persisted in many eases 
for two years, was characteristic of neither long-standing rheumatoid 
arthritis nor osteoarthritis. The hands lacked the muscle atrophy of 
the former and the Herberden’s nodes of the latter, and they gradually 
improved rather than becoming worse. 
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The shoulder pain was similar to that which occurs Avith periarthritis. 
Ordinary periarthritis is usually ascribed to trauma, infection, or a 
metabolic di.sturbanee. Trauma and infection can be eliminated as 
precipitating factors following coronary occlusion. That the action of 
coronary occlusion in causing shoulder pain is causalgic has been sug- 
gested by Edeiken and Wolferth. The possi])ility of an accompanying 
cervical neuralgia was suggested in our cases by the apparent sensitiza- 
tion of cervical plexus nerves and by the relief that some of the patients 
obtained from pressure. 

Miller'^ has demonstrated accessory nerve patlnvays AA^hicli may connect 
afferent pain stimuli from the heart and from the shoulder. We feel 
this can explain the mechanism of production of the syndrome. Afferent 
impulses from the shoulder enter the fourth, fifth, and sixth cervical 
ganglia. Accessory sympathetic cardiac afferent fibers may also enter at 
this level. This would explain the sensitiveness of the trapezius, which 
is innervated by the cervical plexus. 

The significance of loealized lesions in determining the radiation of 
cardiac pain stimuli has been emphasized by Boas and Levy.® We feel 
that the difference in the syndromes, after coronary occlusion, of 
shoulder pain Avithout restriction of movement, shoulder pain Avith re- 
striction of moA'cment, and shoulder pain plus liand involvement is prob- 
ably one of degree and depends upon several factors. 

The intensity of the cardiac afferent stimulus, the degree of joint 
involvement, and the sensitivity of the patient are probably determin- 
ing factors. 

It is difficult to say A\diat the mechanism is, but the folloAving deduc- 
tions seem justifiable : 

1. The painful shoulder and hand syndrome herein described is clearly 
a sequel of eoronary occlusion. When it appeal’s in connection AAuth 
repeated attacks of angina pectoris, aa'c believe that a “silent” occlusion 
should be suspected. 

2. Latent arthritic changes are usually present in the shoulder and 
hand. 

3. The process is self-limited and seems to be little affected by any 
type of therapy. Infection apparently plays a negligible I’ole. 

4. The syndrome seems to be the resultant of sympathetic nei’A'^e di.s- 
turbanee caused by myocardial ischemia and pre-existing shoulder and 
hand lesions. 
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DISCU.SSION 

Dk. E^r.\^•UKr, Lidman, New York. — This elaborate and well-prepared presentation 
of Dr. Askey ’s is a very welcome contribution. It is of particular interest to me, 
becau.se in the interpretation which I will place upon it, and which, as he has in- 
timated, he believes to bo correct, it points again to what I have long believed to be 
the essential etiological factor in coronary artery di.sease and coronary thrombosis, 
namely, a diathetic metabolic disturbance, called the ‘ ‘ gouty ’ ’ state. This term is 
used to indicate a disorder of which we have no really definite knowledge, except that 
it is caused by hepatic dysfunction. The idea that a change in uric acid metabolism 
is the primary cause of “gout” or “goutino.«s” (atypical gout) is not now ac- 
cepted by many clinic.'il investigators. Some time ago I put forth the suggestion 
that an essential element is an abnormality of lipoid metabolism and that the uric 
acid disturbance probably arises secondarily. Interesting and important in this 
connection arc publications during the last few years in which it was demonstrated 
that, in cases in which there had been typical attacks of “gout,” the administra- 
tion of a high-fat diet would bring on such attacks and that they were accompanied 
by an elevation of the uric acid content of the blood. 

Dr. Askey has spoken of three possible explanations of the clinical picture to 
which his paper is devoted: (1) that it is entirely dependent upon the coronary 
thrombosis, (2) that it is the re.sult of a metabolic disturbance, and (3) that it is 
caused by a combination of the first two mechanisms. 

What evidence have we in favor of the possibility that the condition is of metabolic 
origin and not entirely dependent upon the state of the myocardium? Strong 
evidence is afforded by observations on patients who have suffered coronary occlu- 
sion with the pain limited entirely to the left side and then develop a shoulder dis- 
order on the right .side. Further evidence of the role of a metabolic disturbance was 
presented in two of the cases described today, in which there were symptoms in 
the right hip and right ankle. 

The occurrence of Dui)uytren’s contraction, in my opinion, also points to a 
metabolic disturbance. In several cases of Dupuytren ’s contraction in “gouty” 
persons, I have been able to study the mechanism of its development. In these cases 
I found that the first thing to appear was fine nodules, such as one finds elsewhere 
in “gout,” in the tendons. These gradually increased; fibrous tissue developed be- 
tween them ; and then the tendons became attached to the skin. Apparently, the de- 
velopment of this fibrous tissue is increased by movement of the tendons. I cannot 
exclude a partial role on the part of the nervous system. If you will study your own 
hands and other parts of the body (especially the upper parts of the legs) — I am 
referring to those over 40 years of ago — you will find such nodules in the tendons, 
fascia, and periosteum. Some are loose and later may become attached. 

The cases of coronary artery atherosclerosis and coronary thrombosis must be 
studied from another .standpoint. One mu.st investigate the frequency in the pa- 
tients’ histories of the occurrence of hemorrhoids, bursitis, furuncles, carbuncles, 
pruritis (especially pruritis ani), and a number of other features of the “gouty 
diathesis.” Careful statistical study is essential because these conditions are 
rather common. 
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Wc know that diiectly after coronary occlusion there may ho certain phe- 
nomena as a result of the myocardial necrosis. Such necrosis may cause fever, 
leucocytosis, temporary joint inflammation, and mild - jaundice. In relation to 
Dr. Askey’s .studies, however, I wish to draw attention to the possibility of effects 
produced by mj-oeardial ischemia as such. It is not generally realized that the 
m3'0cardial ischemia can influence the autonomic nervous system and activate con- 
ditions that may have alreadj’ existed, or to which a tendency was already present. 

We have a hint of this in the occurrence of pyloric spasm with eructation, and 
other discomforts, in patients suffering from the results of coronary arterj' disease. 
Here we ma}' find evidence of what I have called ‘ ‘ rebounds in the autonomic 
nervous S3''stem. ’ ’ If the heart is under strain, whether because of f resli coronary 
occlusion or insufficienc3’ resulting from coronary narrowing, man3' conditions may 
occur, for example, py’lorospasm and cardiospasm. As a result there may’ be 
eructation, with relief from the cardiac pain. I am not at all convinced that this 
is simply the result of a release from '' pressure of the gas on the heart.” I am in- 
clined to believe that relief of the secondary spasm or spasms improves the con- 
dition of the heart by improving the circulation or by bringing about a diminution 
in tonicity’. I could cite many examples of such "rebounds.” 

I have not found it necessary to use any’ anesthetic or sedative in carrying out 
the manipulation for relieving shoulder pains. If one explains to the patient that 
the method is painful, that he will probably be very uncomfortable, but that it may 
be of use, he will practically always allow one to finish the treatment. If neces- 
sary, one can, by pressing on one of his owm Erb’s points, show that it is painful 
to everyone. 

Dn. Ernst P. Boas, New York. — This most interesting presentation of Dr. 
Askey’s is important because physicians are still not recognizing this syndrome. 
I can confirm all of the clinical observations made by Dr. Askey. I too have seen 
these palmar contractures. I have seen a number of cases in which the acute 
shoulder syndrome antedated the coronary occlusion, and others, as he pointed out, 
in which a diagnosis of coronary’ occlusion was made because of the sudden ap- 
pearance of the shoulder pain. 

The problem of the mechanism and cause of this shoulder condition is a most 
interesting one, and I am inclined to agree that there must be an underlying local 
predi.sposition ; whether it is a diathesis in the sense meant by Dr. Libman or 
whether it is simply a local disturbance I do not know. 

In my- personal experience, the involved shoulder usually was the shoulder to 
which there was radiation of the anginal pain. I have seen exceptions, but the 
discrepancies were by no means as great as those observed by Dr. Askey'. 

I have seen a few eases in which this shoulder syndrome appeared after other 
ty’pes of cardiac attacks. I had two patients with paroxysmal auricular fibrillation 
and some with aortic stenosis who developed this shoulder syndrome. 

^Y'hether the trophic disturbances in the hand can be attributed to reflex in- 
volvement of the sy’mpathetic nervous sy’stem as a result of the cardiac lesion, I 
do not know. After all, similar disturbances occur in the hand following peri- 
arthritis of the shoulder which has no relationship to heart disease. On the other 
hand, there are many features of this clinical picture which suggest a mechanism 
analogous to cau.salgia. 

Some of the other symptoms of which patients with coronary disease complain, 
namely, the marked muscular weakness of the left arm, trophic disturbances, perhap.s 
in the absence of shoulder pain, herpes zoster in the distribution of the anginal 
pain, the response to pressure on the nerves of the brachial plexus or of the cervical 
nerves, as pointed out originally- by’ Dr. Libman, suggest that there is most probably 
a causalgia-like mechanism underlying these clinical manifestations. 



ASKEY : CORONARY OCCLUSION 


II 


For tlie present I think wo must predicate that there are two factors involved. 
One is the local condition of the shoulder, and the other is the reflex mechanism 
initiated by the afferent bombardment of stimuli from the heart. Be3'ond tliat I 
fear we cannot go. But it is most important to recognize and to evaluate this 
sj'ndrome which has been so well delineated hy Dr. Aske.y. 

Dr. B[. R. Miller, New York. — Perhaps it is feasible to look upon the anginal 
pain which is referred to the shoulder, or to anj' other atj'pical area, for that mat- 
ter, as a manifestation registered in an unusual dermatomic segment. 

Dr. Aske3’’s cases leave little room for doubt that the di.sturbance he describes 
is related to a disease or derangement of the cardiovascular apparatus. The onset 
was definitely associated with coronary occlusion ; there is, therefore, sound reason to 
belieye that his premise that the shoulder pain is not a mere coincidence is correct. 
When the heart is alread3’ compromised for one reason or another, and pain is 
registered in an abnormal zone, we can account for the location of the pain onh- 
on the probabilit3’ of transmission of pain impulses along afferent fiber tracts which 
arc not conimonh’ involyed. 

In Dr. Aske3’’s cases, it seems to me, the oyidence is clear — one might cyen sa3' 
that it permits of no otiier interpretation — that there is a participation of acccssor3' 
cervical branches of the afferent fiber S3'stcm. 

From the shoulder region afferent somatic nerves make their entry into C 4, o, 
and G cord levels. The cardiac impulse.s, on the other hand, are carried by the upper 
four thoracic and eighth cervical nerves to corresponding cord levels. Between 
these two regions of entry lie several cord .segments. 

The shoulder region can be brought into relation to the cardiac ple.xuses when 
impulses from the latter arrive either ( 1 ) at the C 4-G cervical cord levels through 
the intervention of accessor3' S3’mpathetic neurons, or ( 2 ) at the upper thoracic 
cord levels where acccssor3' somatic cervical fibers from the shoulder have found an 
cntr3'. 

With regard to pain initiated in the shoulder and reflected into the cardiac 
region or precordium, this eventuality i.s perhaps better under-stood if one realizes 
that an3' extracardiac territory or organ in the bod3’ 0103’ precipitate the so-called 
anginal s3'ndrome. In this respect, a diseased gall bladder is not rare, but lierniation 
of the esophagus or a painful bursa or shoulder arc equivalent loci. 

The effect achieved b3' the impulses which reach the cord segments for the media- 
tion of pain is probabl3’ the result of a summation of impulses, in this case from 
the shoulder and from the cardiac plcxiL^cs. For the purpose of discussion we ma3’ 
designate the stream of afferent extracardiac impulses as (a), and those originating 
in the cardiac apparatus as (b). Sometimes the extracardiac territor3’, as in the case 
of the severe kind of neuritis described b3' Lian and his pupil Bo3’er, is sufficient 
to set off the “explosion.” The patient looks as if he were in the throes of an 
attack of coronar3' occlusion, whereas, in rcalit3', he has engendered an overwhelm- 
ing number of (a) impulses. In most cases the heart itself gives rise to a quantity 
of impulses sufficient to produce anginal pain. Arthritis or 003- other localized 
pathologic condition of the shoulder which was pre-existent or developed after a 
coronar3' occlusion would make it possible for impulses of pain to be transmitted 
from the heart or shoulder into “overlapping” cord segments. 

Dr. Libman. — I should like to add a word concerning the pigmentation of which 
Dr. Askey spoke. How often did 3’ou note the pigmentation? 

Dr. Askey. — That was the onl3- instance. 

Dr. Lirman. — Because of the reference which was made to the question of in- 
volvement of the autonomic nervous .S3’stem in these cases, I should like to draw 
attention to the fact that .such involvement is present in a variet3" of joint affections. 
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You will find it very well described in the small monograph published long ago 
(188!)) by Spender. He described the early clinical manifestations of what he 
called osteoarthritis, by which he meant rheumatoid arthritis, and pointed out that 
not infrequently, before the patients develop the joint disturbance, sweating, burning, 
tachycardia, pigmentation, and a variety of other symptoms may be jiresent. I origi- 
nally learned of Spender’s work from Dr. Osier’s Practice of Medicine. You will find 
a reference to it in the earlier editions. 

Dr. Askey. — It was a privilege to have these three men discuss my paper. 

It was Boas and Levy’s article in the American Heart Journal several years 
ago, which I read at a time when I had my first puzzling case, that aroused by 
interest in this subject. Dr Libman has been stimulating since the time when he 
pointed out that pressure over the acromial nerves would relieve the pain of sub- 
acromial bursitis. I asked him why he hadn’t published this observation, and he 
said that he did not know why it relieved the pain and that he did not want to get 
a lot of letters about it. His concept that there is a gouty diathesis, in the sense of 
a lipoid disturbance rather than a uric aeid disturbance, is, I feel, correct. Several 
of my patients showed some roentgenographic changes in the hands which wore 
suggestive of gout; but there were no other findings, and the blood uric acid was 
normal. 

Dr. Miller’s discussion of the nerve pathways which are concerned when shoulder 
pain occurs with coronary occlusion was especially helpful to me. 



THE PIIYSIOLOOTC ACTION OF OXV(!EN ANT) CARBON 
DIOXIDE ON THE CORONARY CIRCULATION, AS SHOAVN 
BY BLOOD CAS AND ELECTROCARDIOCRAPHIC 
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T he ofiiH-l of inhalin': a inixinrc (•ontaijnn<>: 12 i)er conf oxygon for 
twenty niinntes is rarely notieed by most normal ]nn\sons. Slight 
lieadaelie, vertiixo, and a feeliiifr of breathlessness may bo exporieneed. 
The heart rate is inereased, and the eirenlalion time is shortened. In 
eases in which there is some impairment of the coronary eirenlalion as a 
re.snlt of arteriosclerosis or narrowiii" of the months of the coronary 
arteries, the inhalation of low-oxytren mixtures frerinently results in a 
profound disturbance of cardiac function. Precordial pain may occur,’ 
and. at times, collapse, ]Hdmonary edema, or .shock; the arterial blood 
shows a dimini.shed oxy'ren .saturation, a decrease in carbon dioxide con- 
tent, and a .slight shift in jilT toward the alkaline side.-' The heart 
rate is frenei'ally elevated, with a more imn'kod increase in pulmonary 
ventilation- and deci'ca.sc in circulation time’' than takes place in normal 
subjects. 

The elect i-ocardio,!:rai)hic re.sjmnse to the inhalation of low-oxygen 
mixtures is generally le.ss marked in noianal subjects than in patients 
with coi'onai'y di.sea.se; lowering: of the T wave and depre.ssion of the 
S-T segment ai-e the chai'aci eristic chan;:es.-'" 

The inhalation of hijrh-oxyficn atino.s)iheres has a physiologic action 
that is, in many instance.s, opimsite to that of low-oxy^cn atmospheres. 
Thus, the ])recordial ])ain of coronary thrombosis can be relieved by 
the inhalation of a bO per cent oxygen mixture,’ and recently was re- 
lieved in a more strikinti manner by the inhalation of ])nre oxygen.'* 
Patients with numerous .seizures of anj^inal i)ain Avhich persisted when 
they were at rest in bed became largely free from attacks after they 
were ])laced in an oxyfien chamber.'’ I'kirlhermore, when acute coronary 
occlusion is followed by ])eripheral circulatory failui'C, the inhalation of 
a .50 per cent oxy'ren mixlni'c has been shown to relieve these sym]-)toms 
in some eases.'" 
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The electrocardiographic effects of the inhalation of pure oxygen have 
recently been studied by the authorsd^ Normal persons generally 
showed no change; in a few subjects an increase in the height of the 
T wave was produced. In patients with coronary disease, however, the 
T wave frequently becomes elevated, and, when it was previously 
diphasic or depressed, the inhalation of pure oxygen frequently makes 
it upriglit or liigher. These changes will be reported in full later in 
this article. The heart rate is decreased 4 to 6 beats per minute in 
most normal subjects by the inhalation of pure oxygen. 

In summary, a diminished tension of oxygen in the arterial blood 
decisively impairs the function of the coronary circulation in patients 
with coronary disease ; conversely, an increased tension of oxygen in tlie 
arterial blood improves the function of the coronary circulation when 
it has been previously damaged. In this investigation, the role of cai’bon 
dioxide in the regulation of the eoronaiy circulation was studied by 
administering various combinations of oxygen and carbon dioxide, and 
by observing the blood gases, the pH, and the electrocardiographic 
response, 

METHODS 

The lilood gas analyses and calculations of the pH were done by the 
method of Van Slyke and Neill.’^ The pulmonary ventilation was 
graphically recorded on a Tissot apparatus. The method of providing 
continuous inhalation of a constant gas mixture has been previously 
described.^ 
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Chart I. — Fall in arterial oxygen saturation, intluced by inhaling a 10 per cent 
oxygen atmosphere, in twenty-nine patienhs with heart disease iind in eight normal 
subjects. Af Patients in whom cat'diac pain was induced by inhaling tn^ 10 per cent 
oxygen mixture. B, Patients in whom no cardiac pain was induced. C, isormai m- 
dividuals. Each line represents one person. 


RESULTS 

The degree of arterial anoxemia wliich was ]iroduccd in tweuty-uinc 
patients with lioart disea.se and eight normal subjects as a result of in- 
haling a 10 i)cr cent oxygen mixture for a])])roxima1ely twenty mimilc.s 
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is shown in Chart I. There were nine cases of hypertensive vascular dis- 
ease and twenty cases of coronary disease. The arterial oxygen satura- 
tion varied from 57 to 88 per cent, except in one case in which the unac- 
countably low figure of 35 per cent was encountered. In seventeen of 
twenty-nine patients in the cardiac group, precordial pain was produced 
bj’’ inlialing the 10 per cent oxygen mixture. The inhalation of the low 
oxygen mixture was stopped at the time the pain occurred, and, there- 
fore, these patients breathed the mixture for a shorter period than those 
who did not experience pain. No significant difference in the degree of 
arterial anoxemia could be observed between these two groups, or 
between the cardiac and the normal group. 

The effect of inhaling a 10 per cent oxygen mixture on the carbon 
dioxide content of arterial blood is shown in Chart II. A decrease in 
the arterial carbon dioxide content of approximately 2 to 5 volumes per 
cent took place in twenty-four patients with heart disease, thirteen of 
whom developed pain during the test, and in five normal subjects. 
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Chart II. — Fall in arterial carbon dioxide content induced by inhaling a 10 per 
cent oxygen atmosphere in twenty-four patients with heart disease and in five normal 
subjects. A, Patients in whom cardiac pain was induced by inhaling tlie 10 per cent 
oxygen mixture. B, Patients in whom no cardiac pain was induced. O, Normal in- 
dividuals. Each line represents one individual. Arrows indicate cases in which the 
arterial COs rose when 10 per cent oxygen was inhaled. 
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Chart III. — Rise in pH induced by inhaling a 10 per cent oxygen atmosphere, in 
ten patients with heart disease and in two normal subjects. A, Patients in whom 
c^diac pain was induced by inhaling the 10 per cent oxygen mixture. B, Patients in 
whom no cardiac pain was induced. C. Normal individual. Each line represents one 
person. 


The pH of the arterial blood was ascertained in ten patients with 
heart disease and two normal subjects after the inhalation of a 10 jicr 
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cent oxygen mixture; the results are shoAvn in Cliart III. In seven cases 
precorclial pain was initiated. The pH rose from 0.02 to 0.10 ; no differ- 
ence was apparent between the two cardiac groups, or between the cardiac 
and the normal groups, Init the series Avas admittedly small. It Avas 
apparent that overventilation due to acute anoxia loAvered the free 
carbon dioxide of the blood to a greater degree than the combined 
carbon dioxide content, Avith a resultant increase in the alkalinity of 
the blood. 

Electrocardiograms Avere taken of these patients before and at tlie 
conclusion of the period during Avhich they inhaled the Ioav oxygen mix- 
ture ; no correlation betAveen the degree of electrocardiographic change 
and the alteration in blood gas or pH equilibrium Avas observed. 

The degree of alkaline shift in pH Avas in some cases so impressive 
as to suggest that alkalosis might play a role in the production of both 
the s3unptoms and the electrocardiographic changes of induced oxj'gen 
AAmnt. It is Avell knoAvn that alkalosis increases muscle and nerve irrita- 
bilitjq at times to the point of tetanjL Constriction of tlie capillary bed 
has been produced as a result of acute alkalosis, and, contra rhyise, carbon 
dioxide administration has been folloAved by dilatation of these 
A'^essels.^®"^® Direct observation of the pial vessels by Wolff and Lennox*^ 
revealed that experimental alkalosis caused constriction, and acidosis 
produced by the inlialation of cai’bon dioxide resulted in dilatation of 
these vessels. The possibilitj’- presented itself that the coronary circu- 
lation Avould be affected in a similar Avay. It is interesting to note that 
petit mal attacks ma.v be precipitated b.A’" inhaling loAv-oxj'^gen mixtures, 
or bj^ alkalosis produced bj^ h.yperventilation, and, conversel.y, that at- 
taclis of petit mal maj’- be inhibited both hj acidosis and increased oxygen 
tensions.^®’ A further similarity betAveen the effect of anoxia and 
alkalosis should be mentioned, namel.v, that not onlj'’ Ls the T Avave 
loAvered by induced anoxemia, but also, to a Amr.v slight extent, bj'" in- 
duced alkalosis.^® 

The problem thus presented itself : Is the alkalosis that results from 
anoxia alone responsible either for spastic contraction of the coronary 
arteries or for constriction of the capiiiar.y bed ? A ncAV series of patients 
Avith heart disease and a group of normal subjects Avere then subjected 
to the induced anoxemia test, AAotlx and AAuthout the addition of small 
percentages of carbon dioxide. The presence of carbon dioxide in the 
loAA'-o.xygen mi.xture additionally stimulated respiration, and thereby 
ixroduced a higher saturation of the arterial blood Avitli oxj^gen than 
occurred Avhen the loAA'-oxA'-gen atmosphere itself AA'as breathed. In some 
cases, therefoi’c, the effect of a 12 ixer cent ox^'gen atmosphere Avas com- 
pared to that of a 10 per cent oxygen and 3 per cent carbon dioxide 
mixture, and also a 10 per cent loAA’-oxA*gen atmosphere to that ot a h 
per cent oxA'gen Avith 2 or 3 per cent carbon dioxide mixture. 
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In Table I tlie electroeardiograpbie observations during inhalation of 
low-oxygen mixtures with and without the addition of carbon dioxide 
are summarized. Twenty-six tests were made on ten patients with heart 
disease, nine of whom were classified as having coronary sclerosis, two 
patients with miscellaneous disease, and eight normal subjects. The 
inhalation of a 10 to 12 per cent oxygen mixture in seven tests in the 
patient group resulted in significant changes in the electrocardiogram, 
such as lowering or inversion of the T wave or depression of the S-T 
segment. These changes, however, completely disappeared or wure 
matei’ially reduced when the same or a lower oxygen percentage was 
combined with 2 or 3 per cent carbon dioxide. In three patients no 
definite change took place with induced anoxemia, with or without carbon 
dioxide. In two patients the lowering of the T wave was .slightly less 
marked during the inhalation of oxygen alone than when carbon dioxide 
was added, but in each instance the percentage of oxygen was lower 
when carbon dioxide was added. In six tests on normal subjects a 
definite lowering of the T wave Avas observed during inhalation of the 
low-oxygen mixture for a twenty-minute period ; when 3 per cent carbon 
dioxide was added to the 10 per cent oxygen mixture, the T waA^e Avas 
normal. In tests on tAVo additional normal persons there Avas no change 
either after inhalation of a 10 per cent oxygen mixture or a 10 per cent 
oxygen plus 3 per cent carbon dioxide mixture. The electrocardiographic 
changes induced by inhaling a mixture containing 10 per cent oxygen, 
and the effect of the addition of 3 per cent carbon dioxide on these 
changes are illustrated in Fig. 1. 

In one case of coronary sclerosis, shock Avas induced by breathing 
a 10 per cent oxygen mixture for ten minutes; in four others precordial 
pain or distress Avas produced in a period of five to tAventy minutes. In 
these five cases, inhalation of the same or loAver concentrations of oxygen 
Avith 2 or 3 per cent carbon dioxide produced no symptoms AA'liatsocAur.*" 

In most cases of coronary disease, therefore, the addition of small 
percentages of carbon dioxide prcAunted or decreased the electrocardio- 
graphic effects of induced anoxemia. Before the re.sults are interpreted, 
the blood gas analyses on some of these patients may be inspected. The 
blood Avas draAvn after the electrocardiogram Avas taken, at the end of 
tAventy minutes, unless pain occurred prior to that time. The data, 
Avhich are shoAvn in Table II, require detailed analysis. 

In Case 1, the inhalation of a 9.3 per cent oxygen Avith 2 per cent 
carbon dioxide mixture resulted in an arterial oxygen saturation of 77.7 
per cent, as compared to 68.5 per cent after the inhalation of a 10 per 
cent oxygen mixture Avithout carbon dioxide; the pH Avas 7.46 after 
inhalation of the loAv-oxygen carbon dioxide mixture, and 7.52 after 
the loA v-oxygen mixture Avithout carbon dioxide. Precordial distress 

case'^*’® marked increase in ventilation was itself burdensome in the majority of 
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(lid not occur Avhcn tlic low-oxygon inixtnre with carbon dioxide Avas 
inhaled, but ai'pcarcd when the low-oxygen mixture alone was inhaled. 
Similarly, tlic depression of the T wave and S-T segment which was pro- 
duced by straight anoxemia was not. ])resont whi'ii carbon dioxide Ava.s 
added to an even lower oxygen mixture (the elect ro(!ardiographic. 
changes are illustrated l>y the second test in Case 1, Table I). 
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If the arterial oxygen saturation in both experiments were precisely 
the same, the conclnsion might be reached that the relative alkalosis 
which was present after inhaling the 10 per cent oxygen mixture was 
the significant factor in the production of both precordial pain and 
electrocardiographic changes. In that event, an assumption might be 
made that alkalosis had caused either contraction of the coronary arteries 
or constriction of the eapiUaiy bed, uuth progressive tissue ischemia and 
aggravated anoxia, and that these pathologic events were prevented by 
the inhalation of small amounts of carbon dioxide. Although an arterial 
oxygen saturation of 77.7 per cent represents severe anoxemia, which, 
in other eases of coronary disease, is sufficient to produce both pre- 
cordial pain and electrocardiographic changes, the fact that this arterial 
oxygen saturation was higher than that which obtained when carbon 
dioxide was added makes possible the assumption that a more severe 
anoxemia might have been neeessarj^ to produce precordial pain and 
electrocardiogi'aphic changes in this particular case. 

In Case 2, the arterial oxygen saturation was comparable in the two 
experiments, namely, 74.1 per cent after inhalation of a 12 per cent 
oxygen mixture, and 75.1 per cent after inlialation of a 10 per cent 
oxygen and 2 per cent carbon dioxide mixture. The pH was also higher 
after inhalation of a low oxygen mixture than it was after a low oxygen 
and carbon dioxide mixture, i.e., 7.50 as compared to 7.48. The presence 
of 2 per cent carbon dioxide did not completely prevent an alkaline 
shift, for the control pH was 7.45. Nevertheless, the electrocardiographic 
changes were much less after inhalation of the low-oxygen carbon dioxide 
mixture than after low oxygen alone (the electrocardiographic changes 
ai’C shown in the second test in Case 2, Table I). 

The interpretation of the results in this case appears to be that arterial 
anoxemia and alkalosis produced more marked electrocardiographic 
changes than anoxemia alone, and this suggests again that the alkaline 
shift caused by acute anoxia results in constriction of the capillary bed, 
additional ischemia, and progressive anoxia of the cardiac muscle. One 
other physiologic event must be borne in mind, namely, that alkalosis 
itself increases tissue anoxia, because oxygen is held more firmly to 
hemoglobin when the blood is more alkaline; thus, when a low-oxygen 
mixture is inhaled with carbon dioxide, more oxygen is liberated to the 
tissues even when the arterial oxygen saturation is identical in both 
cases. It must be admitted, therefore, that the oxygen tension of the 
cardiac muscle was higher when the low-oxygen carbon dioxide mixture 
was inhaled than when an even higher oxygen percentage was breathed 
udthout cai’bon dioxide. Conceivablj*, therefore, the more marked 
changes in the electrocardiogram caused by breathing the 12 per cent 
oxj'gen mixture, as compared to 10 per cent oxj’gen and 2 per cent caz’- 
bon dioxide, may be explained bj’- moi’e severe tissue anoxia, vdthout 
necessarily hj-pothesizing constriction of the capillary bed. However, 
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since alkalosis has been shown to i^roduee constriction of capillaries in 
other parts of the body, it seems reasonable to assume that the same 
physiologic action may have exei'ted itself in the coronary circulation. 

In Case 3, h;sT)crventilation was induced while the patient was breath- 
ing a 10 per cent oxygen mixture; the pulmonary ventilation was 19,380 
c.e. per minute, as compared to 15,030 when a 9 per cent oxygen and 
2 per cent carbon dioxide mixture was breathed. No change was pro- 
duced in the electrocardiogram by overventilation plus anoxemia, al- 
though the arterial carbon dioxide content fell from 51.6 to 41.0 volumes 
per cent and the pH increased from 7.45 to 7.60. The arterial oxygen 
saturation was relatively high, i.e., 86.5 per cent. The result in this ease 
would suggest that alkalosis without severe anoxemia may be insufficient 
to produce precordial pain or electrocardiographic changes. 

In Case 5, botli preeordial pain and electrocardiographic changes were 
produced by the inhalation of a 10 per cent oxygen mixture ; these did 
not occur after inhalation of a 9 per cent oxygen and 3 per cent carbon 
dioxide mixture. The relative alkalosis produced b.y inhaling a 10 per 
cent oxygen mixture was prevented when carbon dioxide was added to 
an even lower oxygen mixture. However, increased pulmonary ventila- 
tion with the carbon dioxide mixture was associated with an arterial 
oxygen saturation of 80.5 per cent, as compared to 65.5 per cent when the 
10 per cent oxygen mixture was breathed. As in Case 1, the higher 
oxygen tension of the arterial blood, rather than the more acid pH, may 
have accounted for the absence of symptoms. 

In Case 6, the results were similar to those in Case 2, namely, with 
approximately comparable ai’terial oxygen saturations the electro- 
cardiographic changes were more mai’ked when a 10 per cent oxygen 
mixture was breathed, and the pH was 7.54, than Avhen a 9 per cent 
oxygen and 3 per cent carbon dioxide mixture was inlialed, and the pH 
was 7.44. 

In Case 7, with nearly comparable arterial oxygen saturations, pre- 
cordial pain was expeiaeneed after the inhalation of a 12 per cent oxj'^gen 
mixture, and not after 9 per cent oxygen with 2.5 per cent carbon 
dioxide. 

In Case 8, a patient with syphilitic aortitis, pain was induced at the 
end of five minutes, both after the inlialation of a 10 per cent oxygen 
mixture and 10 per cent oxygen Avith 3 per cent carbon dioxide. In 
the latter experiment, the arterial oxygen saturation Avas 85.3 per cent, 
wdth an arterial carbon dioxide content of 51.9 volumes per cent ; in the 
former (10 per cent oxygen), the arterial oxygen saturation Avas 76.1 per 
cent, Avith a carbon dioxide content of 48.9 Amlumes per cent. In other 
words, Avith constriction presumably present at the mouths of the coro- 
nary arteries, pain came on quieldy irrespective of the blood gas changes. 
In a previous report^ it AA'as noted that pain came on cjuiekly in tAA'o cases 
of aortic stenosis, and in these cases the circulation time was not short- 
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ened. In most other cases of heart disease the circulation time was 
appreciably faster after the inhalation of a 12 per cent oxygen mixture. 

In Cases 9 to 13 the blood gas changes could not be significantly corre- 
lated ■with clinical or electrocardiographic observations except in the 
last test in Case 11, in which there were less marked electrocardiographic 
alterations with a low-oxygen carbon dioxide mixture than with low 
oxygen alone; the arterial oxygen saturations were approximate^ com- 
parable, and there was an alkaline shift of the pH during the inhalation 
of the low-ox 5 ’-gen mixture. 

The blood pressure and the pulse rate showed no significant changes as 
a result of inhaling low-oxygen mixtures, either with or without carbon 
dioxide. In some eases the pulse rate was elevated. The pulmonary 
ventilation was markedly increased as a result of addition of small per- 
centages of carbon dioxide in all eases except Case 1. 

Before discussing the physiologic significance of the above results, the 
effect on the eleetroeardiogi’am of inhaling (1) pure oxygen, and (2) 
a mixture of 97 to 96 per cent oxygen and 3 to 4 per cent carbon dioxide 
should be presented (Table III). Observations were made on thirty-two 
patients who had primary heart disease, or whose cardiac function 
was affected by pulmonary or other disease. There were six normal and 
two miscellaneous subjects. 

Of the thirtj^-two subjects in the cardiac group, twenty-five responded 
to the inhalation of either pure ox^'^gen, or a mixture of 97 to 96 per cent 
oxygen and 3 to 4 per cent carbon dioxide, with either elevation of the 
T wave in one or more of the four leads, less inversion of the T wave, or a 
change from a diphasic to an upright T wave. In five cases there was no 
change after inhalation of either oxygen or oxygen with carbon dioxide. 
In one case, T^^ was very slightly lower after both tests, and, in another 
instance, Tg was ver.y slightly lower after oxygen and veiy slightly 
higher after oxygen with carbon dioxide. 

In Table III an elevation of the T wave of 0.5 mm. ±0.25 mm. is noted 
as +; an elevation of 1.0 nmi. ±0.25 mm. is noted as ± + ; an elevation 
of 1,5 mm. ±0.25 mm. is noted as ± ± ±; and an elevation of 2 mm. is noted 
as -f- ± -t- ±. 

Of twenty cases in which the electrocardiographic changes caused by 
pure oxygen were compared with those whicli resulted from oxygen 
plus carbon dioxide, there were seven in which the T-wave elevation 
was higher with pure oxygen, one in which it was very slightly higher 
with the oxygen plus carbon dioxide mixture, and twelve in which the re- 
sult was approximately the same. In the twelve instances in which the 
elevation of the T wave was noted as being equal after the two tests, the 
impression was frequently gained that there was very slight loAvering 
of the T wave when carbon dioxide was added to the oxygen mixture. 
It was believed, however, that changes of a magnitude of 0.25 mm. were 
too small to be considered significant. 
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Table III 


Effect of Inhalation of Pure Oxygen and of a High Oxygen Low Carbon 
Dioxide Mixture on the Form of the Electrocardiogram 




electrocardiographic changes after 20 MIN- 
UTES’ inhalation of 

NO. 

DIAGNOSIS 

PURE OXYGEN 

96% OXYGEN WITH 4% 
CO, 

1 

Coronary sclerosis 

Second test 

T^ higher, + 

T^ higher, +-t-l- 

Tj higher, +* 

2 

Pulmonary emphysema 
Second test 

Tj higher, + + 

T, higher, + + 

T, higher, + 

T, higher, + 

o 

o 

Arteriosclerotic heart dis- 
ease 

T, higher, -f; T„ T., pre- 
viously diphasic, up- 
right 

T, higher, +; T„ T,, pre- 
viously diphasic, up- 
right 

4 

Arteriosclerotic heart dis- 
ease 

No change 

No change 

5 

iHypertensive vascular 
disease and cardiac in- 
sufficiency 

T„ T, less diphasic; T, 
previousl}' inverted, 
upright 

T„ T, less diphasic; T„ 
previously inverted, 
upright 

6 

Pulmonary fibrosis 

T,, previously diphasic, 
upright 

T,, previously diphasic, 
upright 

7 

Coronary sclerosis 


Tj less inverted; T^ high- 
er* 

8 1 

Coarctation of aorta 

T^ higher, + + 

T, higher, + 

9 

Coronary sclerosis? 

T^ higher, + 

T, higher, -t- ■ 


Hyperthyroidism 

T„ previously diphasic, 
higher, + 

T„ previously diphasic, 
higher, + 

11 

Coronary occlusion 

T^ higher, 4 + 

T, higher, -f 

12 

Coronary sclerosis 

T„ T, less inverted 

T„ T^ less inverted 

13 


T, higher, + + ; T, low- 

eD - 

T, higher, -t; T, lower, 
-; T, less inverted 

14 

Hypertensive vascular 
disease 

No change 

1 

No cliange 

15 

Coronary sclerosis 

T, less inverted ; T. liigii- 
er, -t + 

T. higher, 

16 

Coronary occlusion 

No change 

T, higher, + 

17 


T, higher, T, higher,, 

+ + + 

T 3 liiglier, +; Tt higher, 
+ + 

18 

Beck's sarcoid 

T„ T. higher, -i- + ; T< less' 
inverted 

T„ T, higher, +; T, less 
inverted 

19 

Coronary sclerosis 


T 3 previously diphasic, 
upright; T,, T^ higher. 


Second test 

No change 

No change' 


Coronary sclerosis 

T, slightly lower, - 

T, higher, -t* 

21 

Coronary thrombosis 

T, lower, - 

T, lower, - 

22 

Coronary sclerosis 

T, higher, 

T, liiglier, -f 

23 


Tj less inverted 

Questionable change* 

24 

Hypertensive vascular 
disease 

T, higher, -f-t 

T„ T„ less inverted 

T, higher, +■, T„ T, less 
inverted 

25 

Coronary sclerosis 

Tj higher, +; T, high- 
er, -t--t 

T„ T. higher, +■ T, high- 
er, + 

26 

Tuberculous pericarditis 

T, higher, + 

T, higher, + 
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Table in — Cont’d 


CASE 

NO. 

DIAGNOSIS 

ELECTKOCAKDIOGRAPHIC CHANGES AFTER 20 MIN- 
UTES’ INHALATION OF 

PURE OXYGEN 

96% OXY'GEN AVITH 4% 
COj 

27 

Intermittent claudication 

No change 

No change 

28 

Asthma 

No change 

No change* 

29 

Coronary sclerosis 

T, Ixigher, + 

T. higher, -f-t 

Tj higher, + 
liigher, + 


Second testt 

T, higher, + 

T, higher, +■!- + + 
higher, -f 


30 

Hypertensive cardial vas- 
cular disease 

T, higher, -f 


Second testt 

T, higher, + + 

T, liigher, + + 


31 

Coronary sclerosis 

T, higher, + + 

T„ higher, -h-j- 
T, higher, 


32 

Acute infarction of an- 
1 terior surface of the 
heart 

No change 

1 

Second testf 

Tj higher, -f- 


33 

Coronary sclerosis 

L higher, + + 


Second testt 

T, higher, + 
higher, 


34 

1 Hypertensive cardial vas- 
cular disease 

liigher, + + 


Second testt 

T< higher, -1-1- + + 


35 

Normal 

No change 

No change 

36 

Normal 

No change 

No change 

37 

Normal 

No change 

T. lower, - 

38 

Normal 

No change 

No change 

39 

Normal 

T„ T, higher, -h-i; Ty T„ 
higher, 1 --}- + + 

T„ Tj, T„ higher, -P 

Second test 

T, higher, + + ■, 
liigher, -p-f-h-t- 

T., Tj, higher, -P* 

40 

Normal 

T. higher, -p-p 

T„ T« lower, - 


*97 per cent oxygen with 3 per cent carbon dioxide was used. 
tPatient under intermittent oxygen treatment, 
t After 30 minutes of pure oxygen. 


In the group of two eases of miscellaneous disease and six normal per- 
sons there was no change as the result of inhaling pure oxygen in 
six cases, and elevation of the T Avave in tAvo cases. In four of five cases 
in the group no change resulted from inhalation of the oxygen carbon 
dioxide mixture in 4; elevation of the T Avave occurred in one, and loAver- 
ing in two. The changes Avere less frequent in the control group, but in 
one instance there Avas definite elcAmtion of the T AvaA'e in all four leads, 
and slightlj' less marked T-Avave elevation after inhalation of the oxygen 
carbon dioxide mixture. An illustration of the effect of pure oxygen on 
the electrocardiogram is shoAvn in Fig. 2. It Avill be ol3served that the T 
Avaves in Leads I, II, and TV are of greater amplitude than in tlie control 
tracing. 
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The induction of acute anoxia in patients witii heart disease iias been 
shown to produce overbreathing, a decrease in arterial carbon dioxide, 
and a shift in pH toward the alkaline side. To counteract the loss of 




2.~Electrocarcliosram in Case 31. A, Control. B, After fireathintr niire 
STmf high°er minutes. T,. T= are 1 mm. Aigher than the control, and xf is 0.5 

carbon dioxide, low-oxygen mixtures ivere inlialed with the addition 
of 2 to 3 per cent carbon dioxide. This procedure compensated for the 
undue elimination of carbon dioxide which overbreathing otherwise 
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produced, and prevented or decreased tlie alkaline shift of the blood 
pH. The stimulating eifeet of carbon dioxide on the volume of ventila- 
tion increased the arterial oxygen saturation above that which was 
found when a similar oxygen concentration was inhaled with carbon 
dioxide. ,In order to ascertain Avhether alkalosis played a role in the 
causation of the clinical and electrocardiographic changes of induced 
oxygen Avant, an attempt Avas made to produce a similar degree of 
arterial anoxemia in patients who had an alkaline shift in pH and in 
patients in AAdiom such a shift had been prevented by carbon dioxide in 
the loAv-oxygen mixture. This Avas done by loAvering the oxygen per- 
centage of the mixture in AA'hich carbon dioxide Avas employed. 

When sj-mptoms or electrocardiographic changes resulted from in- 
halation of a 10 to 12 per cent oxygen mixture, repetition of the test 
AAuth the addition of 2 to 3 per cent carbon dioxide prevented these 
changes in the majority of patients Avith coronary disease. In most of the 
cases (eight out of tAvelve), the arterial oxj’-gen saturation Avas someA\liat 
higher Avhen carbon dioxide Avas employed. In four cases, hoAvever, in 
AA'hieh the degree of arterial anoxemia Avas made comparable by admin- 
istering less oxygen Avith the carbon dioxide than Avith the plain Ioaa"- 
oxygen mixture, either no symptoms occurred or the electrocardiographic 
changes Avere less marked, in the patients Avho received carbon dioxide, 
and, therefore, in the eases in Avhich an undue loss of carbon dioxide and 
alkaline shift in pH Avere prevented. • 

These results suggest that the alkalosis of induced anoxemia may he 
a factor in impairing the coronaiy eii'culation, either by causing con- 
striction of the capillary bed or possibly by increasing the tendency to- 
AA^ard coronary spasm. Since vasoconstriction of capillaries has been re- 
ported as the result of loss of carbon dioxide from the circulating blood, 
induced oxA^gen Avant in patients Avith coronary disease maj'' be folloAved 
by a Aueious train of pathologicophysiologic events: arterial anoxemia, 
hyperA'entilation, loss of dissoh'ed cai'bon dioxide, alkaline shift of blood 
pH, capillary (or possibly coronary) blood A^essel constriction, ischemia, 
and progressive tissue anoxia. It Ls altogether likely that tissue oxygen 
Avant is tlie ultimate significant factor in the causation of the sjunp- 
toms and signs of coronary insufficiency. Although tetany can be pro- 
duced by hj-perventilation in normal subjects, it Avill not occur if the 
hypeiwentilation is conducted during the breathing of pure oxygen. In 
other Avords, alkalosis in the presence of a high oxygen tension is not pro- 
ductive of tetany. 

In a study by Kerr, et al.,-^ liA'perventilation Avas used to produce 
anxiety states and psyehoneurotic .symptoms. Among their eases Avas 
a patient AA’ith coronaiy disease aa'Iio developed precordial pain after 
hyperventilation. In three of our cases of coronaiy sclerosis, hyper- 
ventilation for twenty minutes failed to produce precordial pain or 
electrocardiogi’aphic changes. In one case, hyperventilation Avas induced 
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witli a 10 per cent oxygen mixture, and, altliougli the pH shifted from 
7.45 to 7.60, no pvocordial pain or electrocardiographic changes took 
place; the arterial oxygen saturation in this case was elevated as a re- 
sult of increasing the volume of ventilation to 86.5 per cent. 

These results suggest that hyperventilation is more likely to be harm- 
ful when it is combined with severe anoxemia. In the case of sj^ihilitic 
aortitis, pain occurred promptly after five minutes of inhaling the 
low-oxygen mixture, whetlier or not it contained 3 per cent carbon 
dioxide. In this instance, constriction of the capillary bed or contrac- 
tion of the wall of the coronary arteries was evidently not involved, for 
carbon dioxide exerted no effect; narrowing of the mouths of the 
coronary arteries presumably produced a type of constriction that could 
not be compensated for by increased diameter of the coronary or smaller 
peripheral blood vessels. In other words, the ischemia was not appre- 
ciabh’’ influenced by the addition of caibon dioxide, oven though the 
arterial anoxemia was diminished (85.3 per cent, as compared to 76.1 
per cent when the 10 per cent oxygen mixt ure was inhaled without carbon 
dioxide). The fact that the increased oxygen tension in the blood when 
carbon dioxide was added did not delay the time of appearance of pre- 
cordial pain indicates the importance of ischemia as a factor in coronary 
insufficiency (i.e., in the case of constriction at the mouths of the coro- 
nary arteries) ; conversely, the prevention of the symptoms of coronary 
insufficiency by adding 2 to 3 per cent carbon dioxide to the low-oxygen 
mixture in cases of coronary sclerosis suggests that loss of dissolved 
carbon dioxide is of importance in the regulation of the circulation 
through the coronary arteries and the tissue capillaries. 

Since the inhalation of carbon dioxide had the beneficial effects which 
have been discussed, the effect of a mixture of 2 to 3 per cent carbon 
dioxide and 98 to 97 per cent oxygen was tried clinically, with respect 
to its effect on the electrocardiogram.^^ There are insufficient data to 
draw a conclusion at this time; however, it was observed that the T wave 
was elevated by inhaling the above mixtures, although generally not to 
the extent produced by tlie inhalation of pure oxygen. An explanation 
of these results was suggested by Macleod in a conversation concerning 
the physiologic significance of tlie changes we had found. The studies of 
Wilson, Macleod, and Barker^^ and later studies of Maclcod^^ led to the 
opinion that a prolongation of the recovery period of cardiac muscle, 
with a delay in the oxidation of the products of metabolism, was one of 
the factors responsible for lowering of the T wave. According to this 
thesis, the inhalation of low-oxygen mixtures might delay the oxidation 
of products of metabolism. The addition of CO 2 to the low-oxygen 
mixtures ivould result in a lessening of tissue anoxia by preventing- 
alkalosis, constriction of the capillary bed, and ischemia. In addition, 
the more acid pH of the blood, carrying an increased carbon dioxide 
tension, would unload oxygen into the tissues at a lower oxygen satura- 
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tion than blood in a more alkaline state. The T wave, therefore, was 
more upright, since tissue anoxia Avas relieved in some degree. Macleod’s 
explanation may also apply to the occurrence of an elevation of the 
T wave during inhalation of sure oxygen in certain cases of coronary 
sclerosis; the increased oxygen tension may shorten the recovery period 
of cardiac muscle that might previously have been exposed to ischemic 
conditions. Admittedly, many other influences modify the height of the 
T Avave, such as heat and cokl,^^ and it is not the intention of this paper 
to offer a complete explanation of the mechanism of the T-Avave deflec- 
tion. That the tension of oxygen in the blood entering cardiac muscle 
AAms a determining factor in the direction and height of the T Avave Avas 
an occurrence for Avhicb Ave sought an explanation; the clue given us by 
Maeleod seemed consistent not only AA'ith our results, but with what is 
generally knoAvn in respect to the function of oxygen in muscle physi- 
ology. 

SUMMARY 

By means of blood gas and electrocardiographic observations, the 
physiologic actioir of oxygen and carbon dioxide on the coronarj’’ circula- 
tion Avas studied. Wlien a deficiency of oxygen has been produced in the 
arterial blood by decreasing the oxygen concentration of inspired air, 
certain compensating mechanisms become manifest, such as an increase 
in piilmonary ventilation and circulation velocity. In cases of coronary 
sclerosis, the narroAved lumina of the coronary arteries impose a Amriable 
degree of obstniction to an increase in the Aoav of blood. The induction 
of oxygen Avant in the presence of this relative ischemia results in severe 
anoxia of the heart muscle, the consequences of AA^hich are (1) coronary 
insufficiency, AAdth pi’eeordial pain and cardiac or periplieral circulatory 
failure, and (2) electrocardiographic changes, particularly loAvering of 
the T Avave or depression of the S-T segment. 

The increased pulmonary ventilation produced by acute anoxia en- 
genders a disproportionate loss of dissolved carbon dioxide, Avith a shift 
in blood pH toward the alkaline side. Since alkalosis produced by 
hyperventilation has been shoAAm to cause constriction of capillaries in 
other parts of the l)ody, the possibility that it may have the same effect 
on the coronary circulation Avas investigated. The addition of small 
amounts of carbon dioxide, such as 2 to 3 per cent, to a loAV-oxygen 
mixture prevented the clinical and electrocardiographic signs of coronary 
insufficiency which have been described above. Although the inhala- 
tion of a loAA'-oxygen carbon dioxide mixture in eight out of ten cases of 
coronary disease resulted in a liigher arterial oxygen saturation than the 
inhalation of a comparable loAA'-oxygen mixture, there Avere four cases 
in AA'liich the .symptoms or electrocardiographic signs of coronarj^ in- 
sufficiency either did not occur, or A\mre diminished, in the presence of a 
comparable, severe arterial anoxemia, AA'hen carbon dioxide loss Avas pre- 
vented. 
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The inhalation of high-oxygen concentrations is known to improve 
the function of the coronary circulation when it has been previously 
impaired. The electrocardiographic effects of the inhalation of approxi- 
mately pure oxygen in thirty-two cases of coronary disease were studied. 
In twenty-seven cases, the T -wave was rendered more upright. The 
addition of carbon dioxide to high-oxygen concentrations either had no 
effect, or, in six cases, diminished slightly the T-wave elevation produced 
by inhaling high-oxygen mixtures. 

Accepting Macleod’s thesis that one of the factors influencing the 
height of the T wave is the speed of recovery of cardiac muscle, we 
tentatively conclude that the evidence obtained in these studies sug- 
gests that the inhalation of low-oxygen mixtures prolongs the recovery 
period of heart muscle in patients with coronary disease, and that the 
inhalation of higli-oxygen mixtures shortens tlie recovery period. In 
the presence of acute anoxia, the inlialation of small amounts of carbon 
dioxide shortens the recovery period of cardiac muscle, in part by in- 
creasing the arterial oxygen tension, and in part by preventing constric- 
tion of capillaries in the coronary circulation. The administration of 
carbon dioxide in the absence of alkalosis may in some cases delay the 
recovery period of heart muscle. 

Note: Since the .submission of this paper to the Ajihrican Heart Jotjrxai,, ten 
additional normal subjects have been tested after inhaling pure oxj-gen for twenty 
minutes. In six cases tliere was an increase in the height of the T wave in two or 
more leads; in four, there was no change. Of ten additional cases of heart disease, 

there was an increase in the height of the T wave in one or more leads in six, and 

in four cases no change was observed. 
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THE DURATION OF ELECTRICAL SYSTOLE (Q-T INTERVAL) 
IN CASES OF MASSIVE PERICARDIAL EFFUSION 

Chen-Lang Tung, M.D. 

Peiping, China 

I N CLINICAL practice tlie differentiation lietween pericardial effusion 
and cardiac dilatation is often difficult, and may be impossible^'® 
Pericardial effusion has often been mistaken for cardiac enlargement 
even after a careful roentgenologic examination, and vice versa. In 
fact, pericardial paracentesis lias not infrequently been attempted in 
eases of cardiac dilatation; in one such case in this hospital, necropsy 
revealed no pericardial disease, but, instead, a large tear of the right 
ventricular wall which had been caused by the exploratory needle. IMore- 
over, pericardial paracentesis has frequently not been done on patients 
with large pericardial effusions when this procedure was definitely indi- 
cated from both diagnostic and therapeutic viewpoints. Such mistakes 
appear unavoidable in some instances, for the physical and radiologic 
signs may be alike in the two conditions. In both cases there are often 
similar cardiac contours, feeble cardiac activity, a small pulse pressure, 
and congestive heart failure.^ Any objective criterion which may aid 
in differentiating cardiac dilatation with congestive failure from massive 
pericardial effusion with similar congestive phenomena Avill have certain 
theoretical and practical importance. 

It occurred to me that, as there is a fundamental difference between 
the cardiodynainies of congestive heart failure associated with cardiac 
dilatation and those of pericardial effusion and compression of the heart 
(cardiac tamponade), such a difference might be reflected in the dura- 
tion of electrical systole, as measured b.v the Q-T interval of the electro- 
cardiogram, taking the cardiac rate into consideration. The ordinary 
type of congestive heart failure is characterized by an outflow stasis. 
In this condition, although the heart is dilated, and there is an increase 
in both its systolic and diastolic volume, systole is insufficient and the 
cardiac output is subnormal.'^' ® In the electrocardiogram a relative pro- 
longation of electrical systole at the expense of diastole has been demon- 
strated." In congestive failure caused by a large pericardial effusion 
and compression, the reverse, i.e., an inflow stasis, exists. The heart is 
compressed by the fluid under tension, so that diastolic relaxation is 
incomplete. This produces a decrease of both the systolic and diastolic 
volume of the heart, and results also in a subnormal cardiac output and 
venous congestion behind the heart.^> ® Ventricular systole is normal 
as far as ejection is concerned, but is insufficient because the diastolic 
filling is inadequate. The relative duration of electrical systole in such 
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casfes has not hitherto been studied, as far as I am aware, but, on 
theoretical grounds alone, one would expect it to be different from that 
in cases of myocardial failure. With this in mind the following study 
was made. 

aiATERIAL AND METHODS 

In order to make this series of cases a simple and liomogeneous one, only cases 
of massive tuberculous pericardial effusion, with signs of cardiac tamponade, such 
as peripheral venous congestion, hepatomegaly, dependent edema, and, in some eases, 
ascites, were included. Venous congestion was considered to be moderate when there 
were engorged cervical veins, an enlarged and tender li-\'er, and slight edema of the 
legs; it was regarded as pronounced when, in addition, ascites and moderate or 
marked edema of the legs were present. In most cases there was dyspnea of var}-- 
ing severity. Cases of rheumatic pericarditis and purulent pericarditis were excluded 
from this study because, in the former, the pericardial effusion is usually too small 
to have a hydrostatic effect on the heart, and, in the latter, the amount of pus may 
be small or large, and there is a more extensive complicating subpericardial myo- 
carditis than occurs with tuberculous effusion. Cases of constrictive pericarditis 
were also excluded because there were only two available for study in which the diag- 
nosis was confirmed at autopsy; furthermore, in this condition the cardiac systole 
may not be entirelj' normal.e All patients were observed in the hospital and had 
careful roentgenologic examinations. Only cases in which the presence of a large 
pericardial effusion was proved by pericardial paracentesis, or at necropsy, or both, 
were included in this study. In five cases the diagnosis of a large, tuberculous, 
pericardial effusion was confirmed at necropsy. In five, tubercle bacilli were re- 
covered from guinea pigs which had been inoculated with pericardial fluid obtained 
by paracentesis. Pericardial paracentesis was performed on each patient; the 
number of paracenteses varied from one to sixteen per patient. In all cases large 
amounts of pericardial fluid (serosanguineous in all but one, which was cloudy) 
were removed; the amount usually removed was 400 to 800 c.c. In several cases air 
was injected after the aspiration of fluid, and was found to be in the pericardial 
cavity on subsequent roentgenologic examinations. The roentgenograms of two 
patients in this series are reproduced to illustrate the contour of the pericardial 
sac which was generally observed in the cases reported (Figs. 1-3). 

The electrocardiograms were usually taken soon after admission, before any 
therapeutic measures were carried out. Cases in which digitalis was administered 
before the record was taken were excluded from this study. Only those electro- 
cardiograms which were taken at a time when the patients were afebrile or had 
only a subfebrile temperature were included, although the duration of electrical 
sj'stole was similar in a given case whether or not fever was present. As the amount 
of fluid withdrauTi was usually not maximal, and as electrocardiograms were usually 
not taken soon after paracentesis, no study was made of any possible change in 
electrical systole after removal of the fluid. The usual three leads were taken 
u-ith the patient recumbent or semirecumbent, using the string galvanometer 
(Hindle). The resistance was always satisfactorily low. The string was stand- 
ardized so that a current of one millivolt gave a deflection of one centimeter on the 
film. The study of the electrocardiograms was particularly centered on the amiflitude 
and duration of the QES and T waves, the Q-T level, the E-R interval and the Q-T 
interval. The voltage of QES was considered low when it was less than 5 mm. in 
the lead .showing the greatest amplitude.’® T waves were regarded as low when they 
were less than 1 mm. in height. Measurements of the E-E and Q-T intervals of 
the same four consecutive cycles were made under a magnif jung glass, in most cases, 
in Lead II, and, in some cases, in Lead I or III if T waves were not sharp enough in 




Fie 1 Case 7 July 11, 1939- Roentgenograph of the chest, showing massive tubercu- 

' lous pericardial effusion before paracentesis. 




Fig. 2. — Case 7, July 17, 1939. After two pericardial paracenteses. On July 13, 500 
c.c. serosanguineous fluid removed. On July 17, 600 c.c. of similar fluid removed and 
250 c.c. of air injected. Tubercle bacilli recovered on guinea pig inoculation. 
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Lead EC. Tlie average of the four u-as taken. Some of the measurements of the Q-T 
interval were difficult and perhaps inaccurate, although they were probably not far 
from the figures given in Table I. The "predicted Q-T interval” (Adams) was cal- 
culated according to the straight line formulas of Adams for normal males and 
femalesJi The formula for males was: 

Q— T 0.153G B— B + 0.2462 ± 0.012 S.E. 

That for females was: 

Q— T = 0.1259 E— E + 0.2789 ± 0.014 S.E. 

The constant "K” was calculated according to the formula: 

K = Q — T -i- V E — R .12 The electrocardiograms of some of the patients in this 
series are reproduced in Figs. 4 to 11. 



Fig. 3. — Case 10, October 12, 1933. Roentgenograph of the chest, showing massive 
tuberculous pericardial effusion before paracentesis. Necropsy later confirmed tlie 
diagnosis. 


KE.SULTS 

The important clinical and electrocardiographie observations are sum- 
marized in Table I. It will be seen that, as the systolic arterial pre.ssiire 
tended to be low and as the diastolic remained at about the noimal level 
for Chinese, the pulse pressure was small (mean systolic, 93 mm., mean 
diastolic, 68 mm., and mean pulse pressure, 25 mm. Hg). The pattern of 
the electrocardiograms in this series corre.sponded to what lias been noted 
by others.'^'-® The typical electrocardiogram .showed low voltage of 
QKS, and a low, flat, or inverted T in the standard leads. Low voltage 
of QRS was not such a constant occurrence as alteration of T deflections, 










M^deratS iWcS ^XTB) Ols OlSM 0306 0325 ^11 0427 Low voltage QES 

R.A.D. (slight) 
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•K = Q — T interval -r- V K-R interval. 

N, Necropsy ; TB, tubercle bacllU recovered on guinea pig Inoculation. 

Roentgenologic e.xamination showed abnormalities which were typical of massive pericardial effusion in all except Case 
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for, in three patients witli large pericardial effusions (as slioivn by 
paracentesis), the voltage of QRS ivas within the lower limit of normal, 
whereas in all eases there ivas definite abnormality of the T deflections. 
Sinus rhythm was present in all cases, and all but one patient had sinus 
tachycardia (rate above 100 per minute). The P-R interval was normal. 

Special mention may be made of the study of electrical systole, or the 
Q-T interval, as related to the cycle, or R-R interval. The Q-T interval 
in each case was shorter than the predicted normal value, calculated ac- 
cording to Adams’ formulas (mean difference, 14 per cent). Table I 
also gives the values of the constant K, calculated from the formula: 
K = Q-T .f V R-R. It will be seen that TC varied from 0.344 to 0.434, 
with a mean value of 0.393 for the twelve male as well as the two female 
patients. This mean value and its range may be compared with those of 
the two series of normal subjects reported by Clieer and Li*^ and by 
Shipley and Hallaran.=’^ Cheer and Li found that the average K was 
0.374 in the males and 0.388 in the females, with a range between 0.348 
and 0.400 for the former and between 0.355 and 0.421 for the latter. 
Shipley and Hallaran found that the average K was 0.397 in the males 
and 0.415 in the females, with a range between 0.337 and 0.433 for the 
former and between 0.380 and 0.456 for the latter. Thus the mean K and 
most of the individual values of K in the present series were well- within 
the limits established for normal subjects by these authors. In other 
words, instead of having a relative prolongation of the Q-T interval, such 
as that which occurred in patients with congestive heart failure,^ this 
group of patients with pericardial effusion and congestive failure had 
Q-T intervals wliieh were someivhat shorter than normal when com- 
pared with Adams’ figures, or about normal when compared with the 
figures given by Cheer and Li and by Shipley and Hallaran. 

In the rather large literature of the electrocardiographic changes in 
pericardial effusion, no mention has been made as to the effect of such 
effusion on the Q-T duration. The fact that the duration of electrical 
systole is normal in patients ivith massive pericardial effusion which is 
producing signs of congestive heart failure, if confirmed, may liave a 
theoretical interest as well as a practical value in the clinical differentia- 
tion between cardiac dilatation and pericardial effusion. 

SUJIMARY AND CONCLUSION 

An electrocardiographic study was made of a group of fourteen 
patients with massive, tuberculous, pericardial effusion, the existence of 
which was confirmed by paracentesis or at necropsy. In all of the 
patients there were signs of congestive heart failure which was directly 
attributable to cardiac tamponade (hypodiastolic failure). 

The electrocardiographic observation which was of interest in this 
series of cases was the fact that, taking the heart rate into consideration, 
the duration of electrical sj^stole (Q-T interval) was normal. This may 
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aid in, the differential diagnosis between marked cardiac dilatation Avith 
congestive failure and large pericardial effusion AAuth similar congestive 
phenomena. 
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AURICULAR FIBRILLATION IN NORIMAL, INTACT ANIMALS 
AFTER THE INTRAVENOUS INJECTION OF MECHOLYL 
( ACETYL-^-METHYLCHOLINE ) 

Arnold Iglauer, M.D., David Davis, M.D., and 
Mark D. Altschule, JM.D. 

Boston, j\Iass. 

A uricular fibrillation in man is commonly associated with disease 
of the heart or the thyroid gland, and the relationship between 
this arrhythmia and organic disease is emphasized by clinicians. On 
the other hand, a large number of studies have been made*’ *’ ® 

which show that auricular fibrillation may be produced in normal 
animals ; in many of these, vagal stimulation was an important part of 
the experimental procedure. Physiologists have therefore stressed the 
functional origin of the arrhythmia.® The significance of manj’' of these 
studies is, liowever, difficult to evaluate, for various anesthetics were used 
and a good deal of manipulation occurred during the experiments. Ac- 
cordingly, it was considered desirable to produce auricular fibrillation 
by means of vagal stimulation in normal, intact, unanesthetized animals. 
Since the action of meeholyl reproduces the effects of stimulation of the 
parasjnnpathetic nervous system,*® this drug was chosen for the study. 
Although many studies on the action of meeholyl are available, there is 
no evidence that injection of that substance will cause auricular fibrilla- 
tion in normal, intact, unanesthetized animals. 

MATERIAL AND METHOD.S 

Experiments were performed on dog.s and rabbits. In every instance mecliolyl* 
was given intravenously in doses ranging from 0.25 to 2.0 mg. for dogs, and 0.12 and 
0.2 mg. for rabbits. 

Ten dogs of unascertainable age and breed were used in thirty experiments; their 
weights ranged between 12.9 and 22.0 kilograms. No anesthesia was employed in 
most instances; in a few, nembutal intravenously in a dose of 25 to 35 mg. per 
kilogram, morphine, or ether was used. In thirteen experiments the action of 
meeholyl alone was studied. In seven others, which were designed to test the effect 
of anoxia or excess of carbon dioxide on the action of meeholyl, mixtures containing 
various concentrations of oxygen and carbon dioxide were given from a spirometer 
by inserting a soft catheter with an inflatable cuff into the trachea of the anesthetized 
dog. The oxygen concentrations which w'ere used were as low’ as 3 per cent; the 
carbon dioxide concentrations varied up to 15 per cent. In one experiment, air en- 
riched with oxygen up to 90 per cent was used. In five e.xperiments mechob’l rvas 
given 20 to 90 minutes after the intravenous injection of ouabain in doses of 0.25 
and 1.5 mg. In two experiments, five cat units of digalen were given intravenously 
one hour before meeholyl, and in one other experiment the meeholyl was preceded 
by 0.5 mg. of prostigmine subcutaneously. In one study meeholyl was given in- 
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travenously to a dog -n-hich previously had received 1.0 gram of desiccated thyroid 
U.S.P. dailj' by mouth for eighteen daj's. Experiments were done on five rabbits 
whose weights ranged between 2 and 3 hg. In one dog and one rabbit tlie vagi were 
divided in the neck before the injection of mecholyl. 

In one dog and two rabbits the heart was observed directly, before, during, and 
after the period of action of mecholyl; in these animals the chest was opened and 
positive pressure artificial respiration was used. 

In all of the above experiments mecholyl was injected two or more times at 
intervals of at least ten minutes. 

All studies were made b}' means of a vacuum tube electrocardiograph, using 
Lead II. Contact electrodes were used for dogs and needle electrodes for rabbits. 

OBSERVATIONS 

The changed lieart rhythms observed in the experiments on dogs were 
of two general types: (1) auricular fibrillation, and (2) auricnlo- 
ventrieular block. Auricular fibrillation occurred at least once in seven 
of the ten dogs studied, but in one of them only wlien mecholyl was in- 
jected after a toxic dose of ouabain. Fibrillation followed twenty-nine 
of the sixty-seven injections of 0.5 mg. or more of mecholyl which were 
given to these seven dogs. Ten injections of 0.5 to 2.0 mg. of mecholyl 
in the three remaining dogs did not cause fibrillation of the auricles. 
The initial heart rate in the dogs was 100 to 130 per minute ; the first 
change after the injection of mecholyl was usually a sinus tachycardia, 
which lasted one to three seconds. When fibrillation supervened it either 
started immediately after this tachycardia, or was preceded by a few 
seconds of A-V block (2:1 to 35:1). The onset of auricular fibrillation 
was usualty characterized bj’’ a series of coarse auricular waves (Fig. 1), 
followed by ventricular arrest for two to eight seconds. The ventricular 
rate immediately after the onset of fibrillation was slow (50 to 80 per 
minute), and the beating was quite irregular. After fifteen to sixty 
seconds, however, the beating became less irregular and the rate more 
rapid, often reaching 300 per minute before reversion to sinus rhythm 
occurred. When auricular fibrillation was produced the auricular waves 
were at first very fine and rapid, with a frequency of approximately 
1,800 per minute; thirty to ninety seconds later the auricular waves 
became somewhat coarser and slower. The transition to sinus rhythm 
was observed in one or two instances, and this occurred without any 
striking change in ventricular rate. Normal auricular waves appeared 
suddenly, and the ventricular beating became regular. The duration of 
the auricular fibrillation which was induced in dogs was usually from 
one-half to three minutes, but, in one dog, fibrillation persisted for 
several hours on three sejiarate occasions. In the first instance, the 
arrhythmia was apparently interrupted after three hours by the injec- 
tion of 1 mg. of atropine intravenously ; in the second, the duration was 
over eight hours, and, in the third, over three hours. 

•The mecholyl used In this study -was supplied through the courtesy of Itlerck and 
Company, Ina 
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When auricular fibrillation did not supervene, aur iculo ventricular . 
block, with a ratio ranging from 2 :1 to 35 :1, was the usual response. 
At the onset of block the auricular rate often became somewhat slower 
than the control rate, but later often exceeded the control level. When 
a ventricular response occurred, the auriculoventricular conduction time 
was not significant!}' prolonged. The maximal degree of block appeared 
twenty to thirty seconds after mecholyl was given intravenously. This 
was followed by lesser grades of block, and, after thirty to ninety seconds, 
b}^ sinus tachycardia of several minutes’ duration. 

In occasional instances other arrhytlimias were observed, such as 
sinoauricular block, complete auriculoventricular dissociation, ven- 
tricular premature beats, and short periods of ventricular tachycardia. 
The P waves often became lower after the administration of mecholyl, 
and changes in the direction of the T Avaves occurred frequently. Minor 
alterations in the S-T segment Avere observed, especially Avhen there Avere’ 
T-AA'ave changes. Even Avhen high-grade A-V block occurred, the dura- 
tion of the QRS complex Avas not increased. 



Piff. 1. — 1, 2 Contimious tracing from dog, showing transition from sinus rhythm 
to high grade (26:1) block after injection of 0.75 mg. mecholyi. Note sinus slowing 
during period of block, and unchanged P-R Interval and Inverted T wave in conducted 
beats following block. S-T: Tracings from another experiment on same dog. "A”: on- 
set of auricular fibrillation following short period of A- A'' block, i: Twenty seconds 
later, showing ventricuiar tachycardia with continued fibrillation of auricles. 5 ; Thirty 
seconds later. 6: Twenty seconds later (higher film speed). 7; Thirty seconds later, 
showing sinus rhythm. 


In the dog in Avhich the exposed heart aa'rs observed directly after 
the injection of 0.75 mg. of mecholyl intravenously, the heart stopped 
beating, and then dilated markedly for a fcAv seconds. Diffuse, fine, 
fibrillary tAvitehings of the auricles ensued, folloAved by the onset of 
ventricular contractions. The fibrillary tAvitchings of the auricular Avail 
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could be seen clearly because of the fact that ventricular diastole was 
long at the onset of fibrillation. The electrocardiogram (Pig. 2) uiiieli 
was taken during this experiment is typical and shows the onset of 
filirillation shortly after a complex of sinus origin. After an interval 



of ei"ht seconds, ventricular complexes reappear and gradually increase 
in rale. Toward the end of the period of fibrillation, the auricular ra e 
decreases from the initial rale of approximately 1800 to 1200 per minu e, 
and the fibrillary waves become coarser. 


IGLAUER ET AL. ; AURICULAR FIBRILLATION 


51 


Tlie effect on the heart of a given injection of mecholyl was unpre- 
dictable; the reaction to the same dose in a single experiment varied 
without apparent reason. It was consequently diffieult to evaluate the 
action of other factors in increasing or decreasing the effect of mecholyl 
on the heart. However, repeated experiments adequately showed that 
anoxemia and excess carbon dioxide or oxygen in the ranges used did 
not alter the activity of mecholyl. Similarly, neither prostigmine nor 
thyroid, in the dosage used, affected the tendency to fibrillation or the 
grade of block after the injection of mecholyl. Moderate (0.25 mg.) 
doses of ouabain did not enhance the action of mecholyl. The action of 
toxic doses of ouabain was not clear-cut, although 1.5 mg. appeared to 
facilitate the production of fibrillation in one animal. Fibrillation oc- 
curred less frequently in animals under nembutal anesthesia than in un- 
anesthetized animals, but ether did not interfere with the action of 
mecholyl. Cutting both vagi did not interfere with the production of 
fibrillation in the dog on which this procedure was carried out. 

No dog died as a result of injecting mecholyl intravenously, although 
tonic coniuilsions of short duration, apparently associated with ven- 
tricular standstill, were noted rather frequently. Profuse salivation oc- 
curred regularly after each injection. Urination and defecation occurred 
infrequently, but passage of flatus was common. An increase in the 
depth and rate of respiration, sometimes preceded by a short period of 
apnea, occurred in anesthetized and unanesthetized dogs after the in- 
jection of mecholyl. The unanesthetized dogs Avere restless and seemed 
uncomfortable shortly after the injection of mecholyl, but recovery from 
these symptoms was rapid. Prolonged fibrillation in the dog in Avhieh 
it occurred was at a slow rate and ivithout obvious symptoms, and no 
clinical or electrocardiographic eiddence of permanent cardiac change 
was obtained in any of the experiments on dogs. 

The results on rabbits Avere similar to those on dogs (Fig. 3) . Fibrilla- 
tion occurred in four of the five rabbits AA'hich Avere used, and heart block 
resembling that noted in dogs also occurred. Fibrillation Avas induced 
in one rabbit after cutting the vagi. In tAvo rabbits Avith chest and peri- 
cardium open, fibrillation did not occur spontaneously after large doses 
(0.12 to 0.2 mg.) of mecholyl, although in one of these animals short 
periods of auricular fibrillation could be induced by pinching the auricle 
after the administration of mecholyl. The tracing AAdiieh Avas taken 
at this time resembled those obtained Avhen fibrillation Avas induced 
in intact rabbits. In these two animals the heart became markedly 
dilated after a single injection of mecholyl and did not return to its 
original size during the period of observation. Several rabbits died, 
apparently as a result of the injection of mecholyl. 

DISCUSSION 

There are no available previous reports of the occurrence of auricular 
fibrillation in normal, intact animals after the injection of mecholyl 
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intravenouslr. Cohn and MacLeod” observed auricular fibrillation in 
pithed bullfrogs, with open chest, following the administration of 
meeholyl intravenously, and Nahum and Hoff” produced that arrhjdh- 
mia in dogs by the direct application of meeholjd to the auricles. 
Meeholyl has been injected intra-arterially in man by several ob- 
servers"®’ who, however, have not commented on changes in cardiac 
rhythm. Nahum and Hoff"® produced auricular fibrillation in patients 
with thjTotoxicosis by injecting meeholyl subcutaneously. 



Fig. 3. — Lead II. Auricular fibrillation in rabbit after injection of 0.2 mg. meeholyl 
intravenously. 1 mv: 1.5 cm.; speed: 3 X normal. 1 ; Control, showing definite P 
waves, with regular R-R interval. 2 and 3 : Auricular fibrillation, with absent P 
waves and irregular ventricular beating. 

Acetylcholine, a drug which is closely related to meeholyl chemically 
and pharmacologically, has been shown by Goldenberg and Rothberger" 
to produce auricular fibrillation in anesthetized, vagotomized dogs when 
given intravenou.sly. jMore recently, Noth, et al.,"® recorded the occur- 
rence of this arrh.ythmia in one dog which was given acetjdeholine. Of 
great interest and importance are the observations of Battro and 
Lanari,""' who observed auricular fibrillation in three of seventeen 
normal human subjects after the injection of 40 mg. of acetylcholine 
into the carotid artery. 

The action of various chemical and phy.sical measures in facilitating 
or inhibiting the experimental production of auricular fibrillation has 
been studed by several authors. "Winterberg® was unable to induce fibril- 
lation by means of electrical stimulation of the vagus dui’ing asphyxia, 
although, after the intravenous administration of digitali.s, adrenalin, 
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muscarine, pliysostigmine, and calcium salts, vagus stimulation usually 
produced auricular fibrillation. The results of the present study on 
oxygen deficiency and carbon dioxide excess corroborate his observa- 
tion with regard to asphyxia. The possibility that deep nembutal anes- 
thesia inhibits the production of fibrillation by mecholyl is interesting, 
for phenobarbital inhibits the production of fibrillation bj’’ direct elec- 
trical stimulation of the heart,® and sodium amytal prevents fibrillation 
in rabbits after the injection of calcium chloride.*® The results of 
Winterberg® and Pines®^ suggest that ouabain and prostigmine might 
increase the tendency to fibrillation, and the clinical observations of 
Nahum and indicate that thyroid feeding might have the same 

action. Although these drugs were administered in adequate doses®®’ 
in our experiments, no striking effect was noted. Since the present ex- 
periments deal with a drug which produces locallj’’ most of the changes 
brought on by peripheral stimulation of the vagus, the production of 
fibrillation by mecholyl in animals with cut vagi is not significant, except 
to suggest that the action of the drug is not central, but local. 

Auricular fibrillation has Imen produced experimentally in animals by 
a variety of chemical substances.®' ®’ ^ Manj’- of tliese act tlirough the 

vagus either directly or reflexl 3 ’-, and others have a vagal action in them- 
selves. However, a number of substances with no such action, such as 
ether, ethyl alcohol, carbon monoxide, arsenic, hj’drogen sulfide, and 
aspirin, have been reported to cause auricular fibrillation in human 
subjects with normal hearts.®® It appears, therefore, that a variety of 
chemical agents maj’- cause auricular fibrillation. Nevertheless, the close 
relationship of mechol}’’! to acetylcholine, the vagus hormone, cannot be 
minimized. 

Changes in the form of the electrical complex were not analyzed in de- 
tail in the present studj^ because onlj’^ one lead was used and because 
several reports on the changes produced in the human electrocardiogram 
by meehotyl are available.®®’ ®® It is of interest, however, that several 
of the obvious abnormalities in our tracings, i.e., S-A block, A-V block, 
small P waves, and changes in the T waves, were observed by Bin- 
thoven,®® in 1908, after electrical stimulation of the vagus nerve in dogs. 
Our observations on the production of auricular fibrillation in general 
are also in close agreement with those of other workers who have used 
other methods to induce this arrhythmia. Almost every available discus- 
sion® of the subject comments, either expressly or by implication, on 
the inexplicable variability in the response to a given stimulus, even 
in the course of a single experiment. The variability in the duration 
of the auricular fibrillation, once it has been produced, has also been fre- 
quently observed. The occurrence of fine, rapid, auricular waves at the 
start of the fibrillation, which gradualty become coarser, has been noted 
when direct electrical stimulation of the auricle ivas the means used to 
initiate fibrillation.®’ “® It has been shown, however, that vagus stimula- 
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tion when the heart is already filirillating increases the rate and decreases 
the amplitude of the anricnlar waves.^’ Thus the change in the rate 
and amplitude of the fibrillary waves which was observed in the present 
studj^ may have been the result of a progressive decrease in the action 
of the injected meeholyl. 

Physiologists had realized that vagus stimulation produces conditions 
which are favorable for the production and maintenance of auricular 
fibrillation, even before the careful study of this problem by Winter- 
berg,^ in 1907. His observation that faradie stimulation of the vagi 
facilitated the production of auricular fibrillation by direct electrical 
stimulation of the auricle, and that vagal stimulation also increased the 
duration of fibrillation after cessation of local stimulation was confirmed 
in 1913 bj'" Robinson.^ That auricular fibrillation maj’^ be produced by 
vagus stimulation alone has been claimed by several workers.^’ 

The earlier experiments were criticized by Winterberg because they 
dealt with abnormal conditions, as, for instance, a myoeardiograph or 
electrode in contact with the auricle. It is not clear from the protocols 
of later workers whether or not this source of error has been avoided, 
but, in any ease, the occurrence of auricular fibrillation in normal hearts 
after vagal stimulation alone must be exceedingly infrequent. Since 
meeholyl is a sjmthetie chemical which is not normally present in the 
body, the results of the present study cannot be interpreted as evidence 
favoring the possibility that fibrillation may be produced by vagal 
stimulation alone, although they do re-emphasize the close relationship 
between that arrhythmia and the vagus nerve. The possible relationship 
of vagal stimulation to spontaneous auricular fibrillation in man has 
been suggested by clinical studies,®” as well as by experimental observa- 
tions.^®’ 

STOBIARY AND CONCLUSIONS 

1. Auricular fibrillation and heart block were produced in intact and 
unanesthetized dogs and rabbits by the intravenous injection of meeholyl. 

2. Anoxemia, excess carbon dioxide and oxygen, desiccated thyroid, 
and ouabain did not appear to alter the effect of meeholyl on the cardiac 
mechanism. 

3. The relation of vagal stimulation to auricular fibrillation is dis- 
cussed. 
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COR PULMONALE : OBSERVATIONS IN FIFTY 
AUTOPSY CASES 

Roy W. Scott, M.D., and Curtis F. Garvin, M.D. 

Cleveland, Ohio 

^NE of the less eoininon etiologic t3^pes of heart disease is that which 
is associated with certain chronic Inng affections, notahlj^ chronic 
pulmonarjr emphj^sema, and varionslj^ called cor piihnonale, emphj^sema 
heart, or pulmonary heart disease. Although it is recognized as a dis- 
tinct entitj^ there is some difference of oiiinion regarding its frequencJ^ 
Particularlj’’ conflicting are the present views concerning the role played 
by chronic lung disease in its etiology. 

The common post-mortem occurrence of right ventricular hj^pertroplij* 
and chronic emphj^sema, as recorded in past writings, led to the time- 
honored conception that the narrowing thrombosis and destruction of 
pulmonaiy capillaries in emphj'sema elevated the pulmonary pressure 
and burdened the right ventricle, which underwent dilatation and hj’’- 
pertroply and ultimatelj’’ failed. This explanation of the relation be- 
tween chronic emphysema and heart disease was accepted by most clini- 
cians and pathologists of a generation ago. Recent observers, however, 
have questioned the relation of chronic emphj'sema to right-sided heart 
failure. White and Bremer,^ for example, have stated: “A true cor 
pulmonale (or pulmonary heart disease) is distinctly rare; it is present 
in certainlj^ not much over 1 per cent of patients with heart disease,” 
and, in the same article, thej’’ said: “Ordinarilj^ asthma, emphysema, 
and pulmonary tuberculosis, even thougli of high degree, do not produce 
cor pulmonale. ’ ’ 

From the roentgenologic observations on the lieart in eighty cases of 
chronic emph3’’sema, Parkinson and Ho^de^ said : ‘ ‘ Cardiac failure from 
emph3’'sema alone is surprisinglj’' rare,” and “Such cardiac signs and 
s^miptoms as maj^ appear in emphj^sema are more likelj'’ due to hj^per- 
tension than to the direct effect of emphj^sema on the heart. ’ ’ 

The most extensive work on the subject of emphj’-sema in the past 
decade, at least in America, is that of Alexander, Kountz, and their 
associates, but their conclusions further empliasize the present confusion 
regarding the relation of emphj'sema to heart disease, and, particularl.v, 
to the so-called cor pulmonale. In one of their earlier articles^ on the 
effects of long-standing bronchial asthma on the heart, the.y said: “The 
impression is gained tliat, as a rule, the heart remains singularlj’" free 
from injuiy after continuous bronchial asthma despite the attendant 
emplysema,” and two j^ears latei’* thej'" stated: “It is believed tiiat. 
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despite peripheral signs which simulate decompensation, advanced em- 
physema does not necessarily affect the heai’t. ’ ’ As recently as 1934, in 
an extensive review of emphysema,® Kountz and Alexander stated : ' ‘ The 
preponderance of evidence points to the fact that there is no cardiac 
lesion in the majority of cases of emphysema.” Just two year’s later® 
they exactly reversed their opinion and said: “From these observations 
it appears that the heart is affected in the majority of patients with 
emphysema.” In the light of such contradictory statements on the 
relation of emphysema to heart disease, further study of the problem 
seems timeljL 

The clinical recognition of cor pulmonale before the advent of conges- 
tive failure is extremely difficult and often impossible, because symptoms 
such as dyspnea, orthopnea, and cough are often caused by the accom- 
panying chronic lung disease, and there maj’’ be little or no objective 
evidence implicating the heart. Purtlierinore, patients witli emphysema 
and other chronic lung affections are usuallj" bejmnd fort}’’ years of age, 
and, if they are observed during a period of congestive failure, it may 
be impossible to evaluate the influence of such factors as hypertension 
and coronary artery disease. Sjnnptoms directly attributable to cor pul- 
monale appear only after the heart begins to fail, and most of the pa- 
tients never recover from their first breakdomi. It is ajiparent, there- 
fore, that the clinical recognition of cor pulmonale or the emphysema 
heart is fraught with much uncertainty, and that conclusions regarding 
its incidence and the role that chronic lung disease may play in its 
etiology must depend for their validity upon evidence afforded by post- 
mortem study. 

This paper deals with oliservations on fifty cases which we believe to 
be examples of cor pulmonale. Tliey occurred in a series of 6,548 con- 
secutive autopsies which were performed at the Cleveland City Hospital 
during the pa.st ten years, and constitute 6.3 per cent of 790 autopsied 
patients who died of heart disease. 

CRITERIA FOB THE ANATOMIC DIAGNOSIS OF COB PULMONALE 

Examples of right ventricular hjTiertrophy secondary to mitral valve 
disease were easily excluded. Realizing that the commonest cause of 
right ventricular hypertrophy is left ventricular strain, Ave naturally 
excluded all cases of aortic valve disease, and those in Avhich there Avas a 
significant degree of coronarj" artery disease. In none of the cases had 
hypertension been present; furthermore, a careful study of the kidney 
vessels was made, and no cases in Avliieh there Avas significant renal 
vascular disease Avere included. 

As AA^e possess no means of measuring the pulmonary blood pressure in 
man, the only available index of right-sided heart strain is hypertrophy 
and dilatation of the right ventricle. The thickness of the ventricular 
Avail Avas used as a criterion of hj^pertrophy, and only eases in Avhich the 
right ventricle measured 5 mm. or more Avere included. This procedure. 
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of course, does not give information concerning the Aveight of the right 
ventricle, because no account is taken of the factor of dilatation. On the 
other hand, it seems fair to assume that a riglit ventricle Avhich measures 
5 nun. or more is the seat of hypertrophy, and that, hj^’ using this cri- 
terion, one underestimates rather than overestimates the actual hyper- 
trophy. 

Except for two cases in Avhieh there was marked compression of the 
pulmonary’- artery by an aneurysm at the root of the aorta, all of the 
patients in this sei'ies had advanced lung disease. The incidence and 
types of lung disease which Avere observed are shoAAm in Table I. 


Table I 

Cor Pulmonale in Relation to Lung Disease in Forty-Eight Autopsy Cases 


LUNG DISEASE 

NO. OP CASES 

Chronic emphysema 

32 

Emphysema with conglomerate silicosis 

7 

Emphysema with ulcerative tuberculosis 

5 

Emphysema with fibroid tuberculosis 

1 

Emphysema •with silicotuberculosis 

1 

Conglomerate silicosis 

1 

Pulmonarj^ fibrosis 

1 


In thirty-tAAm eases the lungs shoAA'^ed the changes characteristic of 
chronic emphysema, together Avith vai\ying grades of lironchitis, bron- 
chiectasis, and fibrosis. In fourteen instances emphysema Avas accom- 
panied by ulcerative or fibroid tuberculosis, silicosis, or silicotubercu- 
losis, and, in one case, advanced conglomerate silicosis AA'as the only sig- 
nificant pulmonary lesion. Finally, there Avas one example of severe 
bilateral fibrosis of the lungs AAiiich Avas thought, but not proved, to have 
been caused by syphilis. Tliis case AAms that of a 29-year-old negre.ss 
AAdio had a posithm blood Wassermann reaction, and had exhibited clini- 
cally the cardinal signs and symptoms of right-sided lieart failure. 

Reference to Table II sIioaa^s that the heart in the majority of the cases 
Avas ovei’AA’^eight ; in only eleven instances did it Aveigh less than 400 
grams. In tAventy-fiAm instances the heart Aveighed from 400 to 500 
grams, and, in fourteen cases, more than 500 grams. No strict correla- 
tion betAA^een the thiclniess of the Avails of the tAvo Amntricles Avas obseiwed, 
although, AAdien the right ventricular hjiiertrophy Avas extreme, the Avail 
of the left ventricle AA'as thickened in all but one case (W. B., Autopsy 
No. 9035, in Avhich the Avails of both chambers measured 12 mm.). 

The degree of right-sided hypertrophy, as indicated by the thickness 
of the Avail of the right ventricle, fell AAothin fairly narroAV limits in the 
majority of cases. For example, in forty-one, or SO per cent, the right 
ventricle measured from 5 to 8 mm. In tAvo cases it Avas 9 mm. ; in thiee, 
10 mm.; in one, 11 mm.; in tAvo, 12 mm., and in one, 14 mm. in thick- 
ness. Thus, in a feAv cases, the right A’entricular hypertrojihy liccame 
extreme, but most of the patients succumbed before the right ventricle 
attained a thiclmess of more than 8 mm. In tAvo clear examples of in- 
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creased pulmonary pressure and right-sided heart failure, uncomplicated 
by lung disease (S.W., Autopsy No. 7102, and H.H., Autopsy No. 
11946), in which the pulmonary artery was compressed by an aneurysm 
at the root of the aorta, the wall of the right ventricle measured 7 mm. 
in thickness. 

Varying grades of left ventricular hypertrophy were observed in the 
majority of cases; in thirty, or 60 per cent, the left ventricular wall 
measured 15 mm. in thickness, and in forty-five, or 90 per cent, the left 
ventricle was 12 mm. or more in thickness. The cause of this rather con- 
sistent hypertrophy of the left ventricle is not clear. It could not be 
ascribed to increased work per se, for every effort was made in this series 
of cases to exclude factors which burden the left ventricle, i.e., hj^ier- 
tension and aortic valve disease. Neither could it have been the result 
of coronary disease, for no heart which showed significant changes in the 
coronary arteries was included in this study. Perhaps the anatomic 
relation of the two ventricles is such that lyp)ertrophy of one ultimately 
involves the other. If this be true, it maj^ account, in part, at least, for 
the frequent occurrence of right ventricular hypertrophy in cases of 
primary left ventricular strain. For example, hypertrophy of both ven- 
tricles is found at autopsy in eases of chronic hypertension in which the 
patients died of a cerebral accident but never had clinical evidence of 
left ventricular failure. Oliviously, the hypertrophy of the right ven- 
tricle in such cases cannot be ascribed to backward failure of the left 
ventricle. 

CLINICAL OBSERVATIONS 

The clinical observations in the majority of tlie cases here recorded 
were not complete because thirty-five, or 70 per cent, of the patients had 
advanced congestive failure at the time of admission to the hospital and 
died within seventy-two hours. The most outstanding features of the 
clinical course in this group were (1) the relatively short duration and 
progressive nature of the symptoms of right ventricular failure, and 
(2) the fact that forty-three, or 86 per cent, died of their first attack 
of cardiac failure. 

Age . — The majority were over 50 years of age. In the group of thirty- 
two eases in which emphysema Avas the major lung disease, one jiatient 
was 35 years of age, ten Avere betAA^een 40 and 50, 12 Avere betAveen 50 
and 60, and 9 Avere over 60. 

Sex . — All but tAvo of the patients Avere men. 

Place of Birth . — ^Excluding tAA'o cases of pulmonary artery compres- 
sion from aneurysms and one of extenshm pulmonary fibrosis probably 
eaused by syphilis, thirty-tAvo, or 68 per cent, of the patients Avere 
foreign born, and most of these Avere from Southeastern Europe. 

We have felt for some time that there Avas a higher incidence of chronic 
pulmonary emphysema in the peasant class of Southeastern Europe than 
in similar classes from other parts of the Avorld, and, in this connection, 
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it is interesting that Cleveland has, relative to the total population, a 
larger number of immigrants from Southeast Europe than eight other 
large American cities, as shoAvn in Table III. This fact probably has 
some bearing on the high incidence of cor pulmonale at the Cleveland 
City Hospital. 

Table III 


Percentage of Total Population Represented by Persons Born in Southeast 
Europe in Nine United States Cities in 1930* 


CITY 

POPULATION 

FOREIGN BORN 

PERCENTAGE 
FOREIGN BORN 

New York 

6,930,446 

275,570 

3.98 

Chicago 

3,376,438 

116,013 

3.44 

Philadelphia 

1,950,961 

30,710 

1.57 

Detroit 

1,568,662 

39,941 

2.55 

Cleveland 

900,429 

85,540 

9.50 

Baltimore 

804,874 

6,058 

0.75 

Boston 

781,188 

2,803 

0.36 

Pittsburgh 

669,817 

18,706 

2.79 

Buffalo 

573,076 

6,028 

1.05 


*For these data we are indebted to Mr. Howai'd AAUiipple Green, Secretary of tlie 
Cleveland Public Health Council. 


Symptoms and Signs. — Even in those cases in which a reliable his- 
toiy was obtained, it was not always possible to distinguish cardiac s;^mip- 
toms from those caused by the associated pulmonary disease. Cough, 
dyspnea on exertion, and cyanosis, ivith some limitation in capaeitj’' to 
exercise, were the usual complaints, and had often continued for 
several years, ivhereas the signs of right ventricular failure — A’'enous 
distention, hepatic enlargement, edema, and ascites — rarely lasted longer 
than six to eight months. Until the appearance of such signs there ivas 
no clear evidence to incriminate the heart. A history of effort angina 
was obtained in only one instance, and this occurred in a case of syph- 
ilitic aortic aneurysm ivliich compressed the pulmonary artery. Four 
patients had noted substernal pain, and four comiilained of preeordial 
pain after coughing. Varying grades of dyspnea, ivere observed in every 
case, and orthopnea Avas present in all but four patients. Respiratory 
disti’ess Avas an outstanding feature, and, unlike that oliserA^ed in the 
usual case of left ventricular failui-e, periodic breathing of the Cheyne- 
Stokes type and attacks of nocturnal dyspnea (cardiac asthma) Avei-e 
rarely seen. For example, Cheyne-Stokes lireathing Avas observed in two, 

and nocturnal dyspnea in four, cases. 

Cyanosis, like dyspnea and orthopnea, Avas conspicuous, and often 
adAmneed to an extreme grade as tlie heart failure increased. In all but 
three cases, distention of the neck A'cins and hepatic enlargement A\eie 
noted clinically. Ascites Avas present in fifteen cases and general ana- 
sarca in sixteen. An erythrocyte count Avas done in thirty-tAvo cases, and 
in twentA'-one of these the cells numbered more than 5,000,000. The 
highest count observed was 7.9 million, and in this case, before the omset 
of congestiA-e failure, a diagnosis of polycythemia A'era had been made in 
another hospital. In tAventy ca.ses an electrocardiogram Avas obtained ; 
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it showed right axis deviation in fifteen eases, no deviation in two, and 
left axis deviation in three eases. 

Unfortunately, many patients in this series were so ill at the time of 
admission and failed so rapidly that satisfaetory roentgenologie studies 
were not possible. In ten out of nineteen eases in whieh roentgenologie 
studies were made, the roentgenologist reported enlargement of either 
the conus pulmonalis or the body of the i-ight ventricle. 

SUMMARY 

The observations made in this series of eases entirely support the eon- 
elusions of older elinieians and pathologists regarding the relation be- 
tween chronic emphysema and failure of the right side of the heart. 
The clinical course and autopsy observations indicate that the right ven- 
tricle is burdened in emphysema, presumably liy an elevation in pul- 
monaiy pressure, and that it undergoes dilatation and hypertrophy and 
ultimatelj’- fails. That increased pulmonary pressure burdens the right 
wentricle and leads ultimately to death from heart failure is shoMui 
clearly by two cases in this series in whieh an aneurysm at the root of 
the aorta compressed the main pulmonary artery. 

In the majority of eases the left ventricle also Avas hypertrophic, but 
the cause of this hypertrophy was not apparent. It is suggested that 
the anatomic relation of tlie two ventricles is so intimate that hyper- 
trophy of one chamber ultimately involves the other. 
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THE OCCUEEENCE IN ANGINA PECTOEIS OF ELECTEO- 
CAEDIOGEAPHIC CHANGES SIMILAE IN MAGNITUDE 
AND IN KIND TO THOSE PEODUCED BY 
MYOCAEDIAL INPAECTION’^ 

Prank N. Wilson, M.D., and Franklin D. Johnston, M.D. 

Ann Arbor, SIich. 

r\UEING the last few years we have observed a number of eases of 
angina pectoris in which electrocardiograms obtained during 
paroxysms of substernal distress, either spontaneous or induced, have 
shoAvn striking changes in the form of the ventricular complex com- 
parable in magnitude and similar in kind to those which occur during 
the first few hours following the sudden occlusion of a large coronary 
artery. We would like to present here our clinical and electrocardio- 
graphic observations in five such cases, and to make a few comments with 
reference to their interpretation. 


Case 1. — Mr. L. E. T., an American office worker, aged 35 years, was first seen 
on Feb. 2, 1935. Early in the summer of 1934, while playing golf, he noticed pain 
on the ulnar side of the left arm which disappeared promptly when he rested. In 
subsequent attacks the pain began under the middle .and upper sternum and radiated 
to the left arm as its intensity increased. The distress invariably disappeared with- 
in two minutes when he stopped exercising. Walking, climbing stairs, and lifting 
were the types of effort which most frequently caused pain. The sjauptoms wore 
most likely to develop on exertion in the cold, or on exertion soon after a meal. The 
pain was severe but dull, and was accompanied by a sensation of fullness. There was 
no history of rheumatic fever or diphtheria. When he was 17 or IS years of ago, 
the patient had a penile lesion which was not followed by a sldn rash. No anti- 
syphilitic treatment was administered. In 1917 he had had intestinal obstruction, but 
recovered without an operation. 

On examination there was no enlargement of the heart, but a very faint aortic 
diastolic murmur was audible along the left border of the sternum when the breath 
was held after forced expiration. There was slight accentuation of the aortic 
second sound. The blood pressure was 125/70. The remainder of tlie pliysical 
examination was entirely negative. The Kahn test was strongly positive, and a 
diagnosis of angina pectoris due to sj'philitic aortitis, with obstniction of the 
coronary orifices, was made. 

The electrocardiogram (Fig. IJ) showed slight left axis deviation, not out.sidc 
normal limits, and a heart rate of S8 per minute. After exertion sufficiently severe 
to induce mild anginal pain (Fig. IB) the heart rate was appro.ximatcly 130 per 
minute, and the electrocardiogram showed pronounced downward displacement of the 
ES-T junction in Lead II and less marked ES-T displacement in the same direction 
in Leads I and III. In Lead I, in which tlie T wave was originally sharply upriglit. 


From the Department of Internal Medicine, University of Michigan Medical School. 

•This study was aided by a grant made to F. N. Wilson by tl\c Horace H. 

School of Graduate Studies. It was reported at a meeting of the Association of Amer’ 
can Physicians, held on May 31. 1939. See Trans. Assoc. Anier. Phys. rA: 210, 19.iJ. 
Received for publication Sept. 1, 1D40. 
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this deflection was flat or slightlj' inverted. In addition to these changes in the final 
ventricular deflection, there was a striking increase in the size of the S deflection in 
Leads II and III. 

Nitroglycerine and aminophyllin were prescribed, and the patient reported on 
Feb. 25 that he was still having attacks, but that they were much less frequent and of 
shorter duration than formerly. Between Feb. 1C, 1935, and April 10, 1935, eight 
intramuscular injections of bismuth salic 3 'late {2 gr.) were given, and soon after 
these injections were begun, the patient stated that there was a slight increase in 
the severitj* of his sj'mptoms. 



electrocardiogram. S, Case 1 . Electrocardiogram 
mken after exertion sufficiently severe to induce mild substernal distress (7 Case 2 
^°”5rol electrocardiogram. Case 2. Electrocardiogram taken during a mild pari 
oxysm of anginal pam induced by exertion. (Reproduced by courtesy of the Mac- 
C-/Oinp&.ny, ) 


On May 14, 1935, the patient’s wife reported that he had died on May 4. On this 
date he went to the assistance of a woman who had fallen and broken her leg. The 
effort and excitement were promptly followed by a severe attack of chest pain 
accompanied by dyspnea. These symptoms persisted until death a few hours later! 

Case 2.— Mr. O. S. G., a gas station attendant, 46 years old, was first seen on 
Feb. 27, 1928. At that time he was complaining of headache, shortness of breath 
giddiness, and a sense of oppression beneath the sternum. He had been having 
headaches in the occipital region on the right side for eight or nine years but they 
had been severe for only two years. The dyspnea, which occurred only on exertion 
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and giddiness had been troublesome for one year. The substernal discomfort liad 
occurred on trvo occasions only and consisted in a burning sensation beneath the 
surface of the chest. There u-as a history of gonorrhea many years before, and of 
three attacks of pneumonia ■within the preceding nine years. 

On examination the heart was borderline in size, and no murmurs 'U'ere heard. Tlie 
aortic second sound was somewliat accentuated. The blood pressure, was 21G/14(). 
The electrocardiogram sliowed slight left axis deviation. Tlie patient was seen again 
on Aug. 26, 1929. At this time he stated that after his first visit he did not im- 
prove. The basal metabolic rate was measured elsewhere and was reported to liave 
been plus 3S per cent. The administration of iodine and x-ray irradiation of the 
thyroid gland were followed by improvement, and he was able to return to work. Two 
weeks before this second visit he began to have attacks of rapid heart action. A ten: 
tative diagnosis of paroxysmal tachycardia was made at this time. Tlie blood pressure 
was 140/80. The basal metabolic rate was -1 per cent. 

The patient was seen for the third time on Jan. 15, 1935. He stated that for 
approximately^ two jmars he had felt fairly well, except that during the preceding four 
or five M-eeks he had begun to have a burning sensation beneath the npper sternum. 
This was associated with eructations of gas, but he did not feel distended. This 
sensation frequently occurred at night. He thought it was often brought on by 
exertion, but it sometimes lasted for fifteen minutes ei’en if he remained quiet. He 
could sometimes walk a considerable distance without trouble, but one severe attack 
was brought on by shoveling snow, and he remained in bed for two days after this. 
The burning sensation was accompanied by constriction, and radiated to the ulnar 
side of the left arm. 

The heart was not enlarged at this time, either to physical or roentgenologic exam- 
ination. The aortic second sound was markedly accentuated. No murmurs were 
heard. The blood pressure was 210/125. 

The electrocardiogram (Fig. 1C) which was taken while the patient was at rest 
showed slight left axis deviation, but was not outside normal limits. The heart 
rate was approximately 94 per minute. Following exertion sutficiently severe to in- 
duce mild substernal di.stress (Fig. ID), the heart rate was ISO per minute, and there 
was pronounced downward displacement of the ES-T junction and segment in Leads 
II and III of the electrocardiogram. In addition, there were a very conspicuous 
change in the form of the T deflection in Lead I and a great increase in the size 
of the S deflections in Leads II and III. The P wave was not distinctly visible, but 
was apparently superimposed upon the end of the T deflection of the previous cycle 
because of the rapid heart rate and a slight prolongation of the P-E interval. Extra- 
systoles were noted after the exercise test, but were not recorded. About one-half 
hour later, shortly after an orthodiagraphic examination of the heart, the patient 
was found lying on the floor in one of the dressing rooms of the Department of 
Eoentgenologj'. He was unconscious, pulseless, and extremely cyanotic, and was 
making gasping respiratory movements. He could not be revived. 

Case 3.— F. L. K., a physician, aged CG years, was seen on Doc. 9, 1937. He 
stated that he had been well until the latter part of October of tliat year, when he 
began to have anginal pain. The first attack occurred while ho was driving his 
car, and lasted about fifteen minutes. After thi.s, exertion and excitement fre- 
quently induced attacks, and nocturnal attacks often awakened him from sleep. 
Cold increased the tendency to paroxysms. The pain was felt first in the muscles 
below and above the elbow joint, was bilateral, and was perhaps more severe on the 
right side. After it began in the arms, it was felt in the mid-chest on both sides 
of the sternum, but more on the left. It spread to the nock, jaws, and teeth, and 
even to the top of the head and as low as the waistline. It consisted in severe 
aching, with jwessure and constriction. The longest attack lasted twenty minutes. 
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Niti'oglj'cerine gave prompt relief. The first elfect of this drug was to cut down the 
peaks of the waves of pain. The patient did not use tobacco. He said that his blood 
pressure had been a little high since his student days. 

He was distinctly overweight. The heart was not enlarged. There was a faint, 
late, systolic murmur at the apex. The blood pressure was 160/98. The remainder 
of the examination was negative. 

An electrocardiogram was taken, and this procedure was immediately followed by 
a spontaneous attack of angina. The first curve (Fig. 2A) shows slight left axis 
deviation, with partially inverted T deflections in Lead I and slight flattening of the 
KS-T segment in Leads II and III. The electrocardiogram which was taken at the 
height of the attack (Fig. 2B) shows pronounced downward displacement of the 
KS-T junction and segment and definite changes in the QKS complex, consisting in 
tlie development of a prominent S deflection in Lead II and a pronounced increase 
in the size of the S deflection in Lead III. The lieart rate rose from approximately 
70 per minute before the attack to approximately 100 per minute when the distress 
was at its height. In a later and similar spontaneous attack there was a rise in the 
systolic blood pressure from 100 mm. Hg to 180 mm. Hg. After nitroglycerine the 
pain subsided promptly (Fig. 2C), and the electrocardiogram regained its original 
form within fifteen minutes (Fig. 2D). 

The patient died suddenly about one week after these observations were made. 



Fig-. 2.— Case 3. A, Control electrocardiogram. B, Taken during a spontaneous at- 
tack of anginal pain. O, Tafen five minutes after B, following the administration of 
nitroglycerine (%oo gr.). B, Taken ten minutes after 0. 


Case 4.— Mr. T. McL., an electrical engineer, was first seen at the University 
Hospital on June 1, 1027. At this time he was complaining of epigastric pain 
which occurred two to three hours after meals. This distress was of three years ’ 
duration. A clinical diagnosis of peptic ulcer was made, and evidence of duodenal 
ulcer was discovered on roentgenologic examination. A suitable diet and alkaline 
powders were prescribed. The patient was not seen again until Dec. 5, 1938, when 
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he was admitted to the hospital. At this time he was ,42 years of age. He stated 
that the gastric symptoms had eventually disappeared, and that he had been well 
until November, 1937, when he began to experience sharp, excruciating pain in the 
precordial region, with radiation to the left arm. These attacks of pain were 
precipitated at first by heavy lifting, and later by walking. They became more 
frequent and more severe until May, 1938, when the patient consulted a physician and 
was put to bed and told to reduce his consumption of tobacco to six or seven 
cigarettes per day. He had been in the habit of smoking twenty or more cigarettes 
daily. After he had been in bed for two daj'S, the attacks ceased. He remained 
in bed for six weeks. After this he gradually increased his activity, and finally 
returned to work in September, 1938. After he had been working for several weeks, 
the anginal attacks suddenly returned in severe form, and since that time he had 
been unable to do anjdhing involving exertion or excitement without distress. He 
stated that his blood pressure had been elevated for at least three years, but that the 
systolic pressure had never been above 190. 

When he entered the hospital, the patient was having a great many attacks of 
pain each day, and many attacks at night, as well. Nitroglj'cerine gave prompt 
relief, and he was taking 40 to 50 tablets of the drug daily. The pain never lasted 
more than four or five minutes. It was followed by transient weakness of the left 
hand. 

On examination the patient was slightly obese. The heart was borderline in 
size. The cardiac rhythm was normal, and no significant murmurs were heard. 
The heart sounds were loud, and there was slight reduplication of the first sound at 
the apex. The remainder of the physical examination was entirely negative. 

The blood pressure was 165/110. Examination of the blood and urine, kidney 
function tests, and the Kalini test disclosed nothing abnormal. An orthodiagrapliic 
examination of the heart showed questionable, slight enlargement. 

A number of electrocardiograms were taken. All of those which were made when 
the patient was free of pain showed inversion of the T deflection in Leads II and 
III and slight downward displacement of the ES-T junction in all three limb 
leads (Fig. 3). 

On the morning of Dec. 10, 1938, the patient was told by his physician to stop 
smoking. He did so, and had no more attacks of pain until Dec. 14, 1938. 
On this day he was brought to the Heart Station and was asked to smoke a 
cigarette. A single chest lead (Lead V^) was taken before he began to smoke and 
was repeated at intervals thereafter. The control curve showed flat, inverted T 
waves and veiy slight domiM'ard ES-T displacement. A typical and severe anginal 
attack began within a few minutes after the patient started to smoke. It was ac- 
companied by doumward ES-T displacement of as much as 0.3 millivolt. The 
electrocardiographic changes began before the pain and outlasted it. Their exact 
duration was not ascertained. The heart rate rose during the attack from 77 per 
minute to 115 per minute. The blood pressure was not taken at this time. Another 
mild attack of pain occurred without obvious cause in the evening of the day of this 
experiment. On the following day the patient left the hospital. Further informa- 
tion as to the subsequent course of his illness is rather meager. 

On Jan. 16, 1939, the patient’s home physician wrote that he was still taking about 
20 nitroglvcerine tablets per day. He was able to walk from seven to fourteen 
blocks without pain, but had frequent, severe attacks in the early morning hours, 
some of which had lasted as long as thirty minutes in spite of nitroglycerin at fi%c- 
minute intervals. 

On Jan. 27, 1939, the patient himself stated that he had continued to have at- 
tacks, but that these were less frequent and milder than before, and that he had 
been able to shovel snow without symptoms. 
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Case 5— V. L., an American attorney, aged 50 years, was admitted to tJie Uni- 
versity Hospital on Feb. 11, 1939. He stated that for tlie preceding 25 j'cars be 
had frequently experienced a heavy feeling in the epigastrium, accompanied by 
pyrosis. These symptoms usually developed in the late afternoon, but sometimes 
came on fifteen to twenty minutes after a meal. They were promptly relieved by 
soda, which he was taking 3 or 4 times each day. In Maj', 1938, he began to have 
very brief attacks of substernal pressure, accompanied by pain high in the back 
and in both shoulders, with radiation down the outside of the arms as far as the 
elbows. These attacks were mild, and he paid little attention to them until late in 
November, 1938, when he had a severe attack in the evening while he was sitting 
quietly at home. A second attack occurred the same evening, and thereafter he had 
had attacks daily. In some attacks the pain in the arms was quite severe. Occasion- 
ally, there was pain in the left arm only. The distress never lasted more than three or 
four minutes, and it was never precipitated bj' excitement or by exertion. Most of 
the attacks occurred at night and awakened the patient from sleep. For relief he 
sat up or got out of bed and walked about his room. Nitroglycerine (i^no 8^.) 
relieved the discomfort at once. There was no dyspnea during attacks, but there 
was a transient feeling of weakness after they subsided. The intensity of the sub- 
stemal distress and the intensity of the pain in the back and arms seemed to vary 
independentlj', and one sensation sometimes occurred without the other. 



Fig. 3. — Case 4. Top row. Standard electrocardiogram. The remaining curves 
represent a single precordial lead (Vs), taken before, during, and after an attack of 
anginal pain induced by smoking and relieved by nitroglycerine. 


The past history was negative except for whooping cough, measles, mumps, and 
chicken pox during childhood, and estivo-autumnal malaria in 1908, and again in 
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1910. The patient was in the habit of consuming about twenty cigarettes and two 
or three cups of coffee dailj'. He used alcohol in moderation. 

On physical examination he was moderately obese, but no definite abnormality of 
any kind was discovered. The blood pressure was lGO/100. The Kahn test, gastric 
analysis, the routine blood cell count, the estimation of the basal metabolic rate, 
and roentgenologic examination of the cervical spine, the heart and aorta, the gastro- 
intestinal tract, and the gall bladder disclosed no abnormalities. The urine con- 
tained a very faint trace of albumin, and a few finely granular casts were found 
in the sediment. A number of electrocardiograms were taken while the patient was 
at rest, and one after mild exertion. All of these curves were considered well within 
normal limits. One of these electrocardiograms, taken on Feb. 11, 1939, is repro- 
duced in Figure 4A. 

While in the hospital the patient continued to have two or three of his attacks 
daily. Most of these attacks occurred between 7 p.M. and 8 a.m. Aminophyllin 
(0.2 Gm. q.i.d.) was given without noticeable effect upon the frequencj- of the at- 
tacks. On one occasion the blood pressure was taken during an attack and was 
found to be 200/120. There was a daily rise in temperature to 99° or 99.5° F. 


A. 


£. 


C. 


D. 



TTitr 4 Case 5 A Standard elcctrocardiosratn. B, Lead I taken during' tlie carl> 

phasic outline. 


On Feb. 18, 1939, a series of electrocardiograms was taken during a severe at- 
tack. The earliest curves of this series (Fig. 4B) .=how single yentncular extra- 
systoles and runs of ventricular c.xtrasy.sfoles constituting very brief paroxysms of 
ventricular taehvcardia. In all of the electrocardiograms wliieli were taken at the 
height of the distress (Fig. 4C and 41)), the QKS interval measures approximately 
O.IC second, the chief initial deflection (Jt) is greatly increa.scd in lieight in Leads If 
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and in, and the ES-T junction is greatly displaced from the isoelectric level. The 
RS-T displacement is downward in Lead I and upward in Leads II and III and re- 
sembles that seen in the early stages of infarction of the diaphragmatic wall of the 
heart. The extrasystolic ventricular complexes became practically monophasic as a 
result of the magnitude of this displacement of the junction of the initial and final 
deflections. 

Following the administration of nitroglycerine the patient’s distress disappeared 
promptly, and within a few minutes the electrocardiogram had practically regained 
its normal outline. 

The patient was discharged from the hospital on Feb. 18, 1939, but was ashed to 
return on Feb. 21, 1939, in order that further electrocardiographic studies might 
be carried out. A control electrocardiogram tahen at 11:42 A.M. on this date shows 
no abnormalities (Fig. oA). The heart rate at this time was 86 per minute, and the 
blood pressure was 138/88. The patient rvas then ashed to smohe two cigarettes. 
When he had finished smohing, at 12:10 P.M., he complained of a slight burning 
sensation on the lateral aspect of the left upper armj the heart rate was 94 per min- 
ute and the blood pressure was 140/88. The electrocardiogram (Fig. 5B) showed 
slight downward displacement of the ES-T junction in Lead I and pronounced up- 
ward displacement of this junction in Leads II and III. At 12:20 p.m. the electro- 
cardiogram had returned to normal; the heart rate was 90 per minute and the blood 
pressure was exactly the same as at 12:10 p.m. 



Fig:. 5. — Case 5. A, Standard electrocardiogram before smoking. Bj Standard electro- 
cardiogram a few minutes after smoking two cigarettes. 

A heavy luncheon had no effect upon the form of the electrocardiogram which 
was taken at 1:03 p.m., when the heart rate was 100 and the blood pressure 1S3/80. 
In the course of the afternoon it was observed that the electrocardiograms which were 
taken shortly after the patient had finished a cigarette did not always show ES-T 
displacement. He was then connected to a cathode-ray electrocardiograph so that the 
electrocardiogram might be observed continuously as a standing wave on the screen 
of the cathode-ray tube. It was then found that, while he was smoking, pronounced 
ES-T displacement came and went at frequent intervals. On each occasion it lasted 
fifteen to twenty seconds only. When he had finished smoking it soon disappeared 
permanently. 

Because of these observations the patient was asked to discontinue smoking. 
Aminophyllin, erythrol tetranitrate, and quinidine, and a reduction diet were pre- 
scribed. He has continued to have attacks, but they have been less frequent and 
less severe. A study of his sensitivity to foreign proteins is being carried out. 
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DISCUSSION 

Tlie electroeardiograpliie changes which occurred during a spon- 
taneous attack of anginal pain in Case 3 and those Avhich occurred follow- 
ing exertion sufficiently severe to induce mild pain in Cases 1 and 2 are 
strikingly similar. In all three instances there was a pronounced in- 
crease in the size of the S deflection in Leads II and III and pronounced 
do'ivnward RS-T displacement in Leads II and III. Changes of this 
kind in the QRS complex have not, so far as we laiow, been observed in 
coronary occlusion. The RS-T disiilaeement, however, is similar in 
magnitude and in kind to that seen immediately following sudden occlu- 
sion of the anterior descending branch of the left coronary arterjL Tliere 
is one difference. Following occlusion of the artery mentioned the 
RS-T displacement is usually definitely discordant, i.e., it is upward 
in Lead I and downward in Lead III. In tlie tliree cases of angina 
pectoris described, however, the RS-T displacement is either concordant 
(downward in all three leads) or so inconspicuous in Lead I as to make 
its classification as concordant or discordant difficult. 

Electrocardiographic changes of the same kind, but even greater in 
magnitude, so far as the RS-T displacement is concerned, were recorded 
under similar circumstances by Seherf.^ 

The electrocardiographic changes which occurred during a spon-' 
taneous attack of anginal pain in Case 5 are of a different kind. Here 
the RS-T displacement is definitely discordant (downward in Lead I 
and upward in Leads II and III) and not distinguishable in type or in 
magnitude from that frequently seen immediately following infarction 
of the posterior or diaphragmatic wall of the heart. The changes in 
the QRS complex are striking, but difficult to classify. The great in- 
crease in the QRS interval indicates that a pronounced disturbance in 
intraventricular conduction occurred, but whether this was dependent 
upon the development of block in the right branch of the His bundle 
or upon a Avidespread depression of the specialized Amntricular tissues 
is not clear. It should be noted that prominent Q deflections in Leads 
II and III, such as are commonly seen folloAving infarction of the 
posterior umll of the heart, did not appear. Biw and Holman” recorded 
transient RS-T displacement of large magnitude and of this same type 
during a spontaneous attack of anginal pain. In that instance, however, 
there Avas a deepening of the Q deflection in Lead II immediately after 
the attack, and an electrocardiogram AA'hich AA-as taken four months later 
strongly suggests that there Avas an infarct in the poslcrior Avail of the 
heart at that time. As to AAlien this infarction occun-cd the history gave 
no unequiA’ocal clue. 

The electrocardiographic changes AA'hich occurred in Case 4 during an 
anginal attack induced by smoking AA'ere recorded in Lead Yj only. TIic 
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RS-T displacement is similar in magnitude and in kind to that seen in 
the early stages of infarction of the posterior wall of the heart, hut no 
QRS changes are present. 

The electrocardiographic changes described are similar in magnitude 
and in duration to those produced in animal experiments by temporary 
occlusion of one of the large coronary arteries. They indicate that the 
disturbances in the coronary circulation which occur during paroxysms 
of anginal pain are sometimes of very great magnitude. It is not sur- 
prising that sudden death, presumably from ventricular fibrillation, is a 
not uncommon event in angina pectoris, even when this condition is not 
complicated bj^ coronar 3 ^ thrombosis. 

It seems to be the prevailing opinion that the substernal discomfort 
and transient electrocardiographic changes which occur in anginal 
paroxj'sms are dependent upon mjmcardial ischemia brought about bj^ 
an increase in the work of the heart, rather than by a change in the 
caliber of the coronary artei’ies affected. Wlien, as in Case 5, pro- 
nounced electrocardiographic changes of the land produced by tem- 
porarj’- occlusion of a large eoronaiy arterj’' appear, disappear, and 
reappear without anj^ material increase in heart rate or in blood pres- 
sure, this view is clearly untenable. It must, we think, be admitted that 
in some instances anginal paroxysms are precipitated by contraction of 
the coronary arteries involved. Whether contraction of the larger 
coronary arteries takes place, or whether it is the caliber of the arterioles 
that changes, it is not possible to say. The character of the electro- 
cardiographic changes suggests that the change in arterial or arteriolar 
caliber is local, not general. The electrocardiographic changes which are 
attributed to myocardial ischemia and the subjective changes seem to 
vary independentlj'’ both in magnitude and duration. This circumstance, 
together with the evidence that coronary spasm does sometimes cause 
anginal paroxysms, makes it seem possible that the stimuli which gave 
rise to the subjective sensations are of arterial rather than of myo- 
cardial origin. 

The lack of parallelism betiveen the magnitude of the electrocardio- 
graphic changes, and hence we maj’- assume of the disturbances of the 
coronary circulation, and the work of the heart, as represented by the 
increase in heart rate, in blood pressure, or in both, was not, in our 
judgment, confined to Case 5, but also existed in Case 3 and probably in 
Case 4. 

It has been clearly demonstrated that cigarette smoking produces con- 
striction of the peripheral arterioles, both in healthy subjects® and in 
patients with angina pectoris.^ Healthy young subjects may also dis- 
play electrocardiographic changes immediately after smoking.®- ® Cases 
have frequently been reported in which preeordial pain, not definitely 
anginal in character, was induced by smoking and disappeared promptly 
when this habit was given up. A few instances of this kind have come 
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to the personal attention of the authors. Instances have also been re- 
ported in which a patient subject to typical anginal paroxysms could 
induce an attack by smoking.^ Cases 4 and 5 apparently belong in this 
eategorjL It is our opinion that in both of these cases some part of the 
coronaiy arterial system was the seat of a disease process, presumably 
atherosclerotic in nature, and that the aifected vessels were abnormally 
sensitive to nicotine or to some other constituent of cigarette smoke. The 
observations made in Case 5 strongly support this view. They do not, 
perhaps, establish it as correct bejmnd question. 

suaniARY 

The pronounced electrocardiographic changes whicli sometimes occur 
during a paroxysm of angina pectoris indicate that the disturbance of 
the coronarj’- circulation which occurs in this condition is at times as 
great as that produced by the sudden occlusion of a large coronary 
arterjL 

Attacks of anginal pain maj* occur which are accompanied by pro- 
found alterations of the electrocardiogram under circumstances which 
make it necessary to assume that the attendant myocardial ischemia is 
due to a change in the caliber of the coronary arteries affected, rather 
than to an increase in the work of the heart alone. 

Nicotine or some other constituent of cigarette smoke sometimes in- 
duces coronary “spasm” in patients who are subject to angina pectoris. 
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LUMBAR SYSIPATHECTOMy IN THE TREATMENT OP 
SELECTED CASES OF PERIPHERAL 
ARTERIOSCLEROTIC DISEASE 

Lawrence N. Atlas, M.D. 

CLE^^^LAND, Ohio 

I T IS generally agreed that a therapeutic increase in the volume of 
blood flow through ischemic tissue is dependent on methods which are 
capable of producing a dilatation of the small vessel bed in the ischemic 
part. It has also been established that a collateral arterial network will 
hypertrophy in response to an increase in the volume of flow through 
it ; and that, for practical therapeutic purposes, such an increase is also 
dependent on a diminution in the peripheral resistance to blood flow, 
as brought about by dilatation of the small vessel bed into which that 
collateral network ultimately empties. If sjunpathetie vasoconstrictor 
impulses should inhibit the therapeutic relaxation of the arteriolar bed, 
or render such relaxation ephemeral, tlien conservative vasodilating 
therapy will neither relieve the ischemic condition nor increase the po- 
tential vascular reserve through hypertrophy" of a collateral arterial 
network. It has been observed tliat sympathetic vasoconstrictor tone 
constitutes such a barrier to medical treatment in a significant number 
of instances of arteriosclerotic disease of the lower extremity. The fol- 
lowing is a ease in point. It illustrates what may be the eventual out- 
come when sjunpathetie vasoconstrictor tone is not removed surgically. 

Case 60141. — M. D., a Ol-year-old white man, was first seen on Aug. 21, 1937. 
During the previous year he had suffered from intermittent claudication, with pain 
and severe subjective coldness of his right foot. Examination showed that there 
was no palpable pulsation in the right dorsalis pedis or posterior tibial artery. Oscil- 
lometry revealed a trace of pulsation at the level of the lower leg. There was some 
pallor of the right foot on elevation, but no rubor or cyanosis, and the nutritional 
status was good. The foot was cold to the touch, but, following a procaine block 
of the right lumbar sympathetic trunk, it became palpably warm, and the skin 
temperatures of the toes rose from 24.5° C. to a vasodilatation level of 29.5° G. 
(Fig. 1). The patient was given a course of conservative treatments consisting of 
intravenous injections of hypertonic saline, short-wave diathermy, and treatment with 
the intermittent venous occlusion cuff twice a week. At home he took daily, warm, 
leg baths, Buerger’s e.xercises, and whiskey. He was given detailed instructions on 
the care of his feet. Three months of this treatment gave no relief. A Landis test 
was then done to ascertain whether conservative vasodilating treatment was actually 
capable of relaxing the small vessel bed in the foot. The patient’s arms were im- 
mersed in water at 120° F., and his body was wrapped in blankets. At the end of 
forty minutes the test had to be discontinued because it was too enervating. No rise 
occurred in the skin temperatures of the toes in this forty-minute period (Fig. 2). 
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Therefore, it was felt that conservative vasodilating therapy could not possibly be 
effective in the face of such persistent sympathetic vasoconstrictor tone, and a lumbar 
sympathectomy was advised. However, the. patient Iiad a dread of any operative 
interference, and he refused. This patient was followed for a period of almost 
tliree years, and during this time he received intensive, conservative, vasodilating 
therapy; but his condition, both subjectivelj’' and objectively, grew slowly worse. 
Two years from the time he was first seen, advanced color changes, with atrophy 
of the skin and subcutaneous tissue of the foot, appeared. The pain was very 
severe. The condition progressed to massive gangrene of the foot, and, in June, 1940, 
the foot was amputated. 



Fig:. 1. — Figure shows rise in skin temperature of right foot after procaine block of 

lumbar sympathetic trunk. 

At the present writing, twenty lumbar sympathectomie.s have been 
performed in cases of this kind. Of these jiatients, twelve have been 
observed for a period of a year or longer. The results obtained are sum- 
marized in Table I. (A year of observation is considered tlie minimum 
for drawing valid conclusions concerning the benefit derived from any 
form of treatment in peripheral arteriosclerotic disease.) Following op- 
eration, these patients received no further therapy except that associated 
Muth the routine care of the feet or the local treatment of ulceration. 
Clinically, these cases have been characterized preoperatively by an ab- 
sence of marked pallor of the foot on elevation or ruboi- on dependency. 
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by soft, pliable skin and snbcntaneons tissue, usually, but not always, by 
some degree of pulsation in the lower leg, as measured with the oscillom- 
eter, by a venous filling time of not more than fifteen seconds, by severe 
subjective and objective coldness of the foot, and by a rapid rise in the 
skin temperatures of all the toes to a vasodilatation level of at least 28° C. 
after procaine block of the sympathetic nervous pathways to the blood 
vessels of the foot, and by the failure of conservative treatment to amelio- 
rate symptoms or to heal ulceration. In short, they were cases in which 
the collateral vascular network was not incapable of hj^pertrophy, and in 
which the small vessel bed had retained its flexibility. The following 
detailed reports illustrate Avhat can be expected in this type of case in 
the way of relief of symptoms, healing of ulcerations, and increase in the 
vascular reserve through hypertrophy of a collateral circulation when 
vasoconstrictor tone is removed surgically. 



Time of TcH-Minute» 


Pig. 2. — Illustration shows failure of powerful vasodilating measure, the Landis 
test, to duplicate the rise in skin temperature obtained with procaine block of svmnn- 
thetic vasoconstrictor impulses to blood vessels of foot. ■' ^ 


The first has to do with the relief of severe, persistent coldness, numb- 
ness, and paresthesias. After lumbar sympathectomy the disappearance 
of such symptoms is immediate. Not uncommonly, on the day after the 
operation, the patient remarks that for the first time in years the 
sjunpathectomized foot feels “alive.” 
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Case 80371.— K. S., a wMte, female diatetie, aged 57, came under observation 
May 6, 1938. For three years, even in warm weather, she had suifered from severe 
coldness, numbness, and paresthesias of the feet. During this period she took daily 
warm foot baths and vasodilating drugs without relief. Latelj*, the symptoms had 
become more severe, a burning tj’pe of pain had appeared in lier feet, and she was 
threatened with incapacitation. Examination showed that the pulsation in the right 
dorsalis pedis and posterior tibial arteries was barely palpable, and no pulsation uas 
felt in the left dorsalis pedis and posterior tibial arteries. Oscillometrio examination 
revealed a diminution of pulsation in the region of the lower legs. Koentgenograms 
showed calcification in the long arteries of the legs. There were no marked color 
changes, and the nutritional status of the feet was good. At a room temperature 
of 24° C., both feet were cold to the touch, but, after procaine block of both lumbar 
sjTnpathetic trunks, they warmed rapidly; the skin temperatures of the toes 
reached vasodilatation levels ranging from 30“ C. to 32“ C. The procaine blocks 
gave considerable subjective relief for a few hours, and therefore an alcohol block 
of the left lumbar sj’mpathetic trunk was done. This gave complete relief of 
.symptoms for three weeks. However, at the end of that time the beneficial elfects of 
the block waned, and all of the symptoms returned. The block was not repeated 
because the first one resulted in an alcoholic neuritis of the lateral cutaneous nerve 
of the thigh (this will be again referred to later in the paper). A left-sided lumbar 
sympathectomy was performed in June, 1938. Tlie operation gave immediate and 
complete relief of all symptoms in the left foot. She returned voluntarily to the 
Clinic in October, 1938, asking that the right foot also be sjTupathectomized. Wlien 
last seen, in July, 1940, she stated that her feet had been symptom free since the 
operation. The skin temperatures of the toes ranged between 30“ C. and 32“ 0. 
A faint pulsation was still palpable in the right dorsalis pedis and posterior tibial 
arteries. The oscillometric readings in both legs had almost doubled their preopera- 
tive magnitude. 

In some eases of painful ulceration of the affected limb, sjnnpatliec- 
tomy may expedite the healing of the ulceration and gradually relieve 
the pain. The folioiving cases illustrate the relief of pain associated 
with ulceration. 

O. C., a 68-year-old white woman, was first seen on July 21, 1939. For nine 
months she had been sulfering from increasingly severe pain, subjective coldness, 
numbness, and paresthesias of tlie left foot. More recentlj-, ulcers had appeared on 
the fourth and fifth toes of the left foot. Examination showed that no pulsation was 
palpable in the left dorsalis pedis or posterior tibial artery. Oscillometric study 
revealed diminislied pulsation in the region of the lower leg. No marked color 
changes were present except for .some cyanosis of the fourth and fifth toes, which were 
superficially ulcerated. There was no atrophy of the skin or subcutaneous tissue. 
At a room temperature of 24“ C., the foot was very cold to the touch, but, after 
procaine block of the posterior tibial nerve, the foot became palpably warm, and the 
skin temperatures of the toes rose to vasodilatation levels ranging from 29“ C. to 
30“ C. During the following three months she received intravenous injections of 
calcium gluconate and short-wave diathermy to the left foot twice a week, and daily, 
warm, leg baths, followed by treatment with the intermittent venous occlusion cuff 
at home. This treatment gave no relief from the symptoms, which- became in- 
creasingly severe, and the ulceration of the toes progressed. Despite her age, she 
appeared to be a good operative risk, and a left-sided lumbar sympathectomy was 
performed in October, 1939. During the t^vo months immediately following the 
operation there was a gradual decrease in the severity of symptoms, accompanied 
by healing^ of the ulcerations. Six months after the operation she was symptom 
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free, and the ulcerations had completely healed. The foot was warm and dry, had 
a good color, and appeared normal in every way. In October, 1940, twelve months 
after sympathectomy, the improvement had been maintained. The skin temperatures 
of the toes ranged from 31.0° C. to 32.5° C. 

S. B., a 58-year-old white man, was seen Feb. 21, 1939. For a year he had suffered 
continuous, excruciating pain in his right great toe, and persistent, severe, subjective 
coldness and numbness of the right foot. The painful toe was ulcerated. During 
this year he had received intravenous injections of hj-pertonic saline with no relief. 
Examination showed that no pulsation was palpable in the right dorsalis pedis 
or posterior tibial artery. Oscillometric study revealed a slight trace of pulsation 
in the region of the lower leg. Tliere were no marked color changes except for some 
cyanosis of the right great toe, which was ulcerated along the margins of the nail. 
There was no atrophy of the skin or subcutaneous tissue. At a room temperature of 
24° C., the foot was cold to the touch and covered with perspiration. After procaine 
block of the posterior tibial nerve, the foot became palpably warm, and the skin 
temperatures of the toes rose to vasodilatation levels ranging from 29° C. to 30° C. 
During the following two months he received additional conservative therapy con- 
sisting of warm leg baths twice a day, whiskej’', and treatment with the intermittent 
venous occlusion cuff. He also received intravenous injections of 5 per cent saline 
twice a week. No relief of symptoms was obtained, and, in April, 1939, a right-sided 
lumbar sympathectomy was performed. During the following two months complete 
liealing of the ulceration, with relief of symptoms, took place. In October, 1940, 
the skin temperatures of all the toes ranged between 81° C. and 31.5° C. The 
nutritional status of the right foot appeared to be good. 

There is some difference of opinion regarding the beneficial effects 
of sympathectomy in cases of ischemic mnscnlar pain, the so-called in- 
termittent claudication. I do not believe that lumbar sjunpathectomy 
is ever indicated in the treatment of intermittent claudication per se, 
because such pain does not, in itself, indicate an ischemic condition 
the nature of which jeopardizes the structural integrity of the limb. 
However, the question arises as to Avhat effect lumbar sympathectomy has 
on ischemic muscular pain when it is present in the kind of case under 
discussion. There is some experimental evidence^"* which appears to 
indicate that the circulation through peripheral muscle tissue is not in- 
fluenced by sjnnpatiietic vasoconstrictor impulses, and that, therefore, 
lumbar sjunpathectomy should have no effect on intermittent claudica- 
tion. However, Grimson and Slien® tested tlie vasomotor responses of 
skinned legs, and report directly opposite conclusions. In the group of 
eases summarized in Table I, intermittent claudication disappeared or 
became markedly diminished in seven out of nine instances following 
lumbar sjunpathectomy (see Table I). Tlie presence of a few, very 
small, sclerotic muscle vessels without distal anastomotic connections, 
vdth an available collateral circulation, could have been responsible for 
the two failures. Only a small quantity of muscle tissue need be 
ischemic to give rise to considerable pain. As Kellgren® has recently 
shown, a veiy minute quantity of an irritating substance, e.g., 5 minims 
of 6 per cent saline, when injected directly into muscle tissue, produces 
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intense pain wliicli is felt not only at the site of injection, but over -wide- 
spread adjacent cutaneons areas as well. 

The relief of intermittent claudication, when it was obtained, followed 
a definite pattern. An immediate increase in wallcing capacity was 
rarely observed. However, the cramp-like pain was often replaced at 
once by a feeling of severe fatigue. As a collateral circulation developed, 
walking capacity gradually increased. At times, it took a year for the 
maximum benefit to be obtained. The following two cases not only il- 
lustrate relief of intermittent claudication, but also present demonstrable 
oscillometric evidence of the grovTh of a collateral circulation following 
lumbar sympathectomy. 

Case 40982. — J. G., a 60-3'ear-old white man, was admitted to the Peripheral 
T^ascular Clinic at the Cleveland Cit}-^ Hospital on Jan. 27, 3939. During the previous 
year he had- suffered severe aching pain, subjective coldness, and numbness of the 
left foot. Intermittent claudication was also present, involving the left calf and 
foot. He could walk only two blocks before the onset of muscular cramps forced 
him to stop and rest. Examination showed no marked color changes or atrophy of the 
skin or subcutaneous tissue of the left foot. Ho pulsation was palpable in the left 
dorsalis pedis or posterior tibial artery. Oscillometric readings at the level of the 
lower leg were zero. At a room temperature of 24° C., the foot was very cold, but, 
after procaine block of the left lumbar sympathetic trunk, the foot warmed rapidly, 
and the skin temperatures of all the toes rose to vasodilatation levels ranging from 
30° C. to 31° C. A left-sided lumbar sympathectomy was performed in Eebruary, 

1939. One month after sjTnpathectomj'' the foot symptoms were completelj' relieved. 
However, his walking capacity had not increased, although he now experienced 
severe fatigue instead of the cramp-like pain he had felt prior to the operation. 
Oscillometric readings at the level of the lower leg were still zero. Three months 
later he was able to walk a much longer distance before the onset of fatigue. At 
this time the oscillometer registered a trace of pulsation in the region of the lower 
leg. He was seen at regular intervals during the following year, and, in July, 

1940, seventeen months after the operation, all his symptoms, including the inter- 
mittent claudication, had disappeared. The nutritional status and color of the foot 
were excellent. The skin temperatures of the toes ranged from 32° C. to 33° C. 
There was still no palpable pulsation in the dorsalis pedis and posterior tibial 
arteries. However, the oscillometer now revealed an excellent pulsation in the same 
segment of the leg where none was present prior to the sympathectomy. This marked 
increase in pulsation, which developed gradually during the seventeen months follow- 
ing sympathectomy, is illustrated in the oscillometric tracings shown in Fig. 3. Since 
there is no reason to believe that sj'mpathectomy restores elasticity to arteries which 
are already diseased, such an increase in magnitude can only be interpreted as the 
result of hypertrophy of healthj- collateral arteries. 

I. M., a 56-year-old white man, was seen Aug. 12, 1938. For several months he 
had suffered from subjective coldness of the right foot, and from aching, cramp-like 
pains in the muscles of his right calf wliich appeared on walking. He could walk 
only a few blocks before the onset of pain forced him to rest. Examination showed 
that there were no color changes or atrophy of the skin or subcutaneous tissue of 
the right foot. No pulsation could be felt in the right dorsalis pedis and posterior 
tibial arteries. A roentgenogram showed calcification of the dorsalis pedis artery. 
The osciUometer revealed only a trace of pulsation in the region of the right lower 
leg. At a room temperature of 24° 0., the foot was cold to the touch, but, after 
procaine block of the posterior tibial nerve, the foot warmed rapidly, and the skin 
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Fig. 5. — Arrows indicate shadows of silver clips on severed ends of lumbar sympa- 
N°te that trunk has been severed at upper pole of third lumbar vertebra, 
and that the caudal portion has been buried in adjacent psoas muscle. This procedure 
denervates the cutaneous vessels of the foot and lower two-thirds of the Igs and the 
popliteal arterj’^ and its deep branches. 


deproteinated pancreatic extract. In May, 1939, a riglit-sided lumbar sympathec- 
tomy was performed. He was seen one month after operation. At tliis time the foot 
symptoms liad disappeared, but his walking capacity had not increased. However, 


temperatures of the toes reached vasodilatation levels ranging from 32° C. to 33° C. 
During the following eight months he received intensive conservative vasodilating 
therapy without relief. This treatment included whiskey and daily, warm,.leg baths, 
followed by treatment with the intermittent venous occlusion cuff, short-wave 
diathermy, intravenous injections of hypertonic saline, and the administration of 
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lie now experienced severe fatigue instead of cramps. Oscillometric examination 
at this time showed no increase in the magnitude of pulsation in the region of the 
lower leg. He was not seen again until July, 1940, fourteen months after the 
sympathectomy. At this time, walking at a moderate rate of speed caused no 
fatigue. The color and nutritional status of the foot were normal. The skin 
temperatures of the toes ranged from 31.5° G. to 32.5° C. Ho pulsation could bo felt 
in the dorsalis pedis or posterior tibial arteries. However, the oscillometric reading 
now revealed a definite pulsation in the same segment of the leg ivhere only a trace 
had been present prior to the sympathectomy (Fig. 4). 

Table I lists the oscillometric readings which were taken at the level 
of the lower leg immediately preceding sympathectomy, and after a 
postoperative interval of twelve to twenty-five months. It will he noted 
that some degree of increase in the magnitude of the pulsation occurred 
in every instance. For reasons stated, this is construed as Valid evidence 
of the hypertrophy of a collateral arterial network. In none of these 
cases was an increase in the magnitude of pulsation observed immediately 
after sjmipathectomy. This rales out the possibility that these increases 
in the magnitude of pulsation Avere the result of a simple diminution 
in the tonus of the vessels, rather than an actual hypertrophy of col- 
lateral arteries. 

The surgical technique used to denervate these extremities has been 
described elseAvhere.^ It is a simplified form of lumbar sjTnpatheetom.y. 
Briefly, the technique is as follows. Through a muscle-splitting extra- 
peritoneal approach, as described by Pearl,® the lumbar sympathetic 
trunk is exposed on the upper pole of the third lumbar vertebra at the 
inner margin of the psoas major muscle. The trunk is divided at this 
point, and the distal, cut end is stripped from the body of the third 
lumbar vertebra and buried in the adjacent psoas muscle (Fig. 5). The 
operation is easily and quicldy performed, and causes no more shock 
than an appendectomy or simple herniorrhaph.y. The blood vessels 
Avhich are denerAmted by this procedure are the popliteal artery and its 
deep branches, and the cutaneous Amssels of the foot and loAver tAvo- 
tliirds of the leg. 

I haA'e discontinued the use of paraA’^ertebral alcohol block of the 
lumbar sympathetic ganglia. Too often, an alcoholic neuritis of the 
lateral cutaneous nei'Am of the thigh has occurred. Tlie resultant pain 
has been as disabling as that for the relief of Avhich the block Avas done. 

I .«liould like to express my appreciation to Dr. Boy W. Scott for his advice and 
criticism, and to liis associates for their cooperation in deciding wheflier or not 
these patients were operable. 


1 . 


3 . 


Grant, E. T., and Peanson, 
Clin. Sc. 3: 119, 1938. 
Grant, E. T.: Observations 
Man, Clin. Sc. 3: 157, 19.38. 
Abramson, D. I., and Ferris, 
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THE EFFECT OF DIFFUSE PERICARDITIS ON THE ELECTRO- 
CARDIOGRAPHIC PATTERN OF RECENT MYOCARDIAL 

INFARCTION 

R. Langendorf, M.D. 

Chicago, III,. 

I ^HE criteria for the electrocardiograpiiic diagnosis of diffuse peri- 
carditis complicating recent m 3 mcardial infarction were formulated 
bj'’ Barnes,^ who pointed out that the reciprocal relationship between 
Leads I and III which is found in classical eases of uncomplicated recent 
myocardial infarction is absent. When pericarditis occurs in cases of 
recent mjmcardial infarction, he states, elevation of S-T in one of these 
leads with depression in the other, or an upright eoronaiy T in one of 
these leads with an inverted one in the other, is usuallj'^ not found. In- 
stead, the S-T segment is elevated in all the limb leads, and, later, T maj' 
become inverted in all limb leads. Reeently the subject was reviewed bj' 
Winternitz and Langendorf, ^ who collected from the literature twenty- 
two cases of recent mjmeardial infarction with an electrocardiographic 
pattern similar to that reported bj'- Barnes ; in these cases a pericardial 
friction rub had been observed elinicallj’- or pericarditis had been found 
at necropsy, and to these thej^ added three autopsy cases of tlieir own. 
It would appear that the special modifications of the electrocardiographic 
pattern when there is a complicating pericarditis are limited to the 
generalized form. Localized pericarditis limited to a small area over tlie 
infarct does not seem to cause modifications of the S-T-T pattern which 
would be anticipated from the infarct itself. This is in accord with the 
effect on the electrocardiogram of experimental ligation of the coronary 
arteries of the dog and of localized pericarditis (Barnes and Mann,-'’ 
Burchell, Barnes, and Mann^). Diffuse pericarditis complicating myo- 
cardial infarction is not an uncommon occurrence. Thus, Stewart and 
Turner® found ten cases (16.6 per cent) of generalized pericarditis in 
sixty autopsj’’ cases of mjmeardial infarction ; Saphir, Priest, Hamburger, 
and Katz® observed four out of thirty-four cases (11.7 per cent) ; Bohn- 
ing and Katz' noted three out of twenty-seven cases (11.1 per cent) ; 
Jervell® recorded five out of twenty-six cases (19.2 per cent); and 
Buchner, Weber, and Haager® found two out of nine autopsy cases 
(22.2 per cent). Thus, out of 156 autops.v cases of recent myocardial in- 
farction which have been reported, there was a complicating, diffuse 
pericarditis in twenty-four (15.3 per cent). 

However, there is a lack of sufficient dal a in the literature on the 
changes in the electrocardiogram of recent mj'ocardial infarction -wliicli 
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are produced by complicating, diffuse pericarditis. It might be antici- 
pated that, when diffuse pericarditis complicates recent myocardial in- 
farction, the electrocardiogram Avould take on some of the changes which 
occur in diffuse pericarditis without infarction, as described by Win- 
ternitz and Langendorf,^ among otliers, or at least that it would show 
a composite of the contour seen in the two conditions. In this paper we 
wish to report observations upon two additional autopsy cases, and to 
discuss the significance of similar changes in cases in which the diagnosis 
was not proved by autopsy. The latter is important because it is laio'wn 
that the classical electrocardiographic pattern of infarction, with dis- 
cordancy of the S-T-T segments in Leads I and III, does not always 
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w attacks of angina pectoris between 

^ ''’as taken on May 4. 1933, B on May 8 
^ay 31, 1933. Autopsy, June 2, 1933, revealed recent infarction of the 
the left veiUricle and diffuse fibrinous pericarditis, with obliteration of 
Records A and G show changes of the anterior wall type • 
S-T changes in Leads I and III, C shows discordant T changes in 
in Mi hthb feida ^ ^ transient concordant elevation of the S-T segment 

occur. This has been emphasized in publications from this department 
(Bohning and Katz," Weinberg and Katz^o). A number of reasons have 
been advanced by AVeinberg and Katz"'’ to account for the variations 
from the classical pat'tern of recent myocardial infarction, and these 
deviations in pattern may, in the absence of diffuse pericarditis, bear 
some resemblance to the curves to be expected with this complication. 
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JIETHOD OP STUDY 

In order to see wlietlier the criteria for the electrocardiographic diag- 
nosis of diffuse pericarditis complicating recent myocardial infarction 
could he made more preeiselj*-, the electrocardiograms in 380 consecutive 
cases of what was diagnosed as I’eeent m 3 meardial infarction mti-c 
examined. From these, thirty-nine eases were selected, including the two 
with autopsies already referred to, in which there were changes suggest- 
ing the possibility of a complicating diffuse pericarditis, and in whieli 
these changes could not be attributed to preponderant ventricular hyper- 
trophj’- or intraventricular block. 



The criteria Avliich were used fell into one or more of the following 
three groups : 

1. Concordant elevation of S-T in the limb leads. 

2. Concordant inversion of a coronary type of T wave in the limb 

leads. 
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3. Absence of a discordant deviation of S-T in Leads I and III, with 
marked S-T elevation in one of these leads, i.e., S-T^ isoelectric and 
-Tg markedly elevated, or vice versa. 

A summary of the protocols of these thirty-nine cases is shown in 
Table I. The cases were next subdivided into four groups, according to 
the type of the S-T-T pattern in the limb leads and the QRS pattern 
in these and in chest leads OF, and CF„ as well. The subdivisions were : 

1. Anterior wall type of myoeai'dial infarction. 

2. Posterior wall tj^pe of myocardial infarction. 

3. Combined anterior and posterior wall types. 

4. Atypical types. 
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1 / 8/40 
1 / 27/40 
3 / 5/40 
3 / 6/40 
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An analysis of the distribution of the thirtj’'-nine cases showed that 
in twenty-two instances records were available in both the S-T and T 



Fig 4 —(Case 34.) The patient had the attack on June 32. f i’q 3 g^'‘n^on 

S£?f il"^;'’cSr’££' t"S.4KS; 

discussion, see text 
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stages; in eight, records were obtained only in the S-T stage, and, in 
nine, only in the T stage. Of the twenty-two patients who were seen 
during both the S-T and T stages, twelve showed the criteria for special 
selection in both the S-T and T stages, five showed them only in the 
S-T, and five only in the T stage. Thus, of the thirty-nine cases, there 
were thirteen in which the criteida were present in the S-T stage, 
fourteen in the T stage, and twelve in both the S-T and T stages. The 
interval between the occurrence of the coronary attack and the appear- 
ance of an inverted T wave in all limb leads (“Tn,” see Table I) was 
noted. The significance attached to this interval will be discussed later. 
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Table II 


Anterior wall type of myocardial infarction 


A — S-T stage 

(a) Elevation of S-T in all limb leads, 
or absence of S-T depression in 
Lead III, vritli marked elevation 
in Leads I and II 


B — T stage 

(a) T inverted and coronary in type in 
all limb leads 


(b) Deep Q, present and/or QES di- (b) ditto S-T stage 
rected entirely domiward in CF, 
and/or CF„ or a deeply inverted 
first phase present in these chest 
leads 


8 cases included, friction rub in 4, 7 cases included, friction rub in 2, 

autopsy in 2 (cf. Pigs. 1, 2) autopsy in 0 (cf. Pig, 3) 


£. Posterior wall type of myocardial infarction 

A — S-T stage B — T stage 

(a) Elevation of S-T in all limb leads, (a) T inverted and coronary in type in 
or absence of S-T depression in all limb leads 

Lead I, with marked elevation in 
Leads II and III 


(b) a Qj (and Q;) present 

8 cases included, friction rub in 3, 
autopsy in 0 (cf. Pig. 4) 

S. Combined anterior and posterior 

A — S-T stage 

(a) Elevation of S-T in all limb leads, 

or absence of S-T depression in 
Lead III (or I), with marked ele- 
vation in Lead I (or III) 

(b) Q, (and Q,) present, and QES in 

CP, and/or CP, directed entirely 
downward or a deeply inverted 
first phase, and/or a deep Q, pres- 
ent 

6 cases included, friction rub in 1, 
autopsy in 1 (cf. Pig. 5) 


(b) ditto S-T stage 

7 cases included, friction rub in 2, 
autopsy in 0 (cf. Pig. 4) 

wall type of myocardial infarction 

B — T stage 

(a) T inverted and coronary in typo in 
all limb leads 


(b) ditto S-T stage 


9 cases included, friction rub in 2 
autopsy in 2 (cf. Pig. 5) 


4. Atypical pattern of 
A — S-T stage 

(a) Elevation of S-T in all limb leads, 

or absence of depression in Lead 
III (or I), with marked elevation 
in Lead I (or HI) 

(b) No special QES pattern in limb or 

chest leads 

(c) Evolution showing discordant 

changes in S-T-T in Leads I and 
III pointing to an anterior or 
posterior wall tj'po 

3 cases included, friction rub in 0, 
autop.sy in 0 (cf. Fig. (5) 


myocardial infarction 

B— T stage 

(a) T inverted and coronary in type in 
all limb leads 


(b) ditto S-T .stage 

(c) ditto S-T stage 


3 cases included, friction rub in fl, 
autopsy in 0 (cf. Pigs. <>, 7) 
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THE RELATION OF A PERICARDIAL FRICTION RUB TO THE PRESENCE OF DIFFUSE 
PERICARDITIS COMPLICATING ACUTE MYOCARDIAL INFARCTION 


A peficardial friction rub was beard in 11 of these 39 eases (Table I). 
The absence of a friction rub cannot rule out diffuse pericarditis, for in 
one of the two autopsy cases of diffuse pericarditis reported here no 



friction rub was detected, and it was not heard in two of four cases 
reported liy Saphir, Priest, Hamburger, and Katz.® On the other hand 
not every patient with myocardial infarction and an audible friction 
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rub can be expected to show signs of diffuse pericarditis. Thus, with 
an anterior wall infarct the friction rub may be evidence only of a local 
pericaiditis superimposed on the in farcied area. An audible pericardial 
rub in a ease of posterior wall infarction is more likely to be a sign 
of diffuse pericarditis. It is quite possible that the fi’ietion rub will be 
heard more often with more frequent observations and more careful 
auscultation. 

S-T-T CHANGES IN THE CHEST LEADS 

Since diffuse pericarditis, of itself, usually produces S-T elevation 
in the chest leads (Holzmann,” Winternitz and Langendorf,^ Bellet and 
Mc]\Iillan,'2 ygnder Veer and Norris*®), it would tend to exaggerate tlie 
S-T elevation in eases of anterior infarction and to reduce the S-T de- 
pression in eases of posterior wall infarction. Similarly, tlie tendency to- 
wards T-wave inversion in the chest leads as a later result of diffuse 
pericarditis would be expected to counteract, to some extent, the evolu- 
tion of an upright coronary T wave in posterior wall infarction and to 
exaggerate the T-wave inversion in the anterior type. 

Chest leads were available in thirty-three of our thirty-nine cases. In 
tiventy-five cases CFg ivas taken, and in eight cases, both CF, and CF 4 
were recorded. In group 1, all of the electrocardiograms, except one 
with an upright, pointed T wave in CF„, were in accord with the ex- 
pected pattern of the anterior wall type. Similarly, in group 2 all except 
one, which showed an inverted T in CP^ (Pig- 4), were in accord with 
the expected posterior wall type. In group 3, in whicli the S-T-T 
configuration was unpredictable because it was the resultant of opposite 
tendencies due to simultaneous anterior and posterior wall infarction, 
the S-T-T of the chest leads ivas typical of anterior infarction in six 
cases, and of posterior infarction in one case. In group 4 the S-T-T of 
the chest leads was in accord with the type of infarction wliicli wa.s 
indicated by the transient, discordant S-T-T changes in the limb lead.s. 

A discussion of the significance of these changes can best be deferred 
until those in the limb leads have been considered. 

THE RELATION OF THE SPECIAL ELECTROCARDIOGRAPHIC PATTERN TO WFFU.SE 
PERICARDITIS COAIPLICATING RECENT MYOCARDIAL INFARCTION 

It is known that although uncomplicated, diffuse pericardii i.s often 
produces the typical concordant S-T-T changas, it occurs sometimes with- 
out characteristic changes. The absence of elect rocardiograjihic changes, 
therefore, does not exclude pericarditis. This is true also of dihu.se 
pericarditis complicating recent myocardial infarction. Examination of 
nineteen autopsy eases with eieetroeardiographic coiTclation, as reported 
in the literature and listed in Table III, reveals only eight in wliich the 
pattern selected and illustrated in the present report appear.?. 



LANGENDORP; RECENT MYOCARDIAL INFARCTION 


101 


Table III 


Klecteocardiographic Observations in 19 Cases of Eecent Myocardial Infarc- 
tion Associated With Diffuse Pericarditis (Diagnosis Confirmed 

AT Autopsy) 


AUTHOR 

CASE 

S-T stage 

T stage 

LOCATION OP INFARCT 

Barnesi^ 

1 

concordant 

discordant 

Anterior wall of left ven- 

Bolming and 

IG* 

absence of 


tricle, apex 

Septum, anterior wall and 

Katzi 

2Bt 

discord- 

ance 

discordant 

apex of left ventricle 

Anterior wall of left ventricle 


4A 

discordant 

- 

Posterior wall of left ven- 

Biicliner, Weber, 

1 

absence of 


tricle 

Anterior wall of left ven- 

and Haagers 

9 

discord- 

ance 

discordant 

tricle, anterior septum, apex 

Anterior and posterial wall of 

Jervells 

17 


discordant 

left ventricle, apex 
Anterior and posterior wall 


37 

discordant 


of left ventricle 

Posterior wall, septum 


42 

concordant 

discord.? 

Posterior wall of left ven- 


55 

discordant 


tricle 

Posterior wall of left ven- 


56 

discordant 

concord.? 

tricle 

Anterior and posterior wall 

Sapliir, Priest, 

3 

discordant 


of left ventricle 

Lateral wall of left ventricle 

Hamburger, and 

7 

- 

discordant 

Lateral wall of left ventricle 

Eatzs 

9 

. 

discordant 

Anterior wall of left ventricle 


26 

- 

discordant 

Anterior wall of left ventricle 

Winternitz and 

71 

concordant 

discordant 

Posterior wall of left ven- 

Langendorfz 

72 

absence of 

_ 

tricle 

Anterior and posterior wall 


74 

discord- 

ance 

discordant 


of left ventricle 

Anterior wall of left ven- 


76 

concordant 

- 

tricle, apex 

Lateral wall of left ventricle 


•Case 2 of the present report. 

tCase 1 of the present report, included because of a concordant S-T stage. 


It seems significant that in all of these eight cases there were concord- 
ant changes in the S-T stage and none in the T stage. It is also significant 
that Weinberg and Katz’ series^® of autopsy cases of mjmcardial infarc- 
tion with concordant changes in the T stage contains no cases of anterior 
or posterior infarction complicated by diffuse pericarditis. In the two 
autopsy cases with T-wave inversion in all limb leads which are included 
in their report there were multiple infarcts, but no diffuse pericarditis. 
Therefore, we hesitate to ascribe the concordant T-wave inversion in the 
cases of group 1 and 2 to the effect of complicating diffuse pericarditis 
and are more inclined to consider that pattern, described as “Tn type” 
by Weinberg and Katz,^° together with a QRS pattern in the limb and 
chest leads of either of the two classical types, as reflecting extensive- 
myocardial infarction, involving both the anterior and posterior walls. 
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The absence of electrocardiographic e\ddeuce in autopsy cases of 
recent infarction associated with diffuse pericarditis does not preclude 
the possibility that the presence of definite electrocardiographic changes 
can be taken as presumptive evidence of diffuse pericarditis. An analysis 
of the data assembled in this report, when coordinated with the study of 
autopsy material, as reported here and previously, suggests the following 
conclusions : 





Fitr 7 —(Case 30.) Tlio patient bad the attack on April 5. 3930. Kcconl 'J- 
taken on Mav 5. 1939. B on July 1, 1939. Tl»e QRS docs not nt any 
tion pattern.' There- is a concorfl.ant T-wavc inversion in the limb 
T in the chest lead.s, pointinc; to infarction of the po.stenor i\all. J3i..cik.c< 


1. A transient, concordant S-T stage in the limb leads in an otherwise 
discordant S-T-T evolution, with the QKS pattern of anterior or pos- 
terior wall infarction (groups 1 and 2), is highly suggestive of aceom- 

panying diffuse pericarditis. _ . r 

2 A concordant T-wave stage in tlie limb leads is suggastive of exten- 
sive infarction, especially wlicn lliis pattern dcvclop.s within a week, 
while the elevation of the S-T segment is still present. However, further 
anatomic correlation studies arc necessary to evaluate the role ot diflii.se 
pericarditis in producing the pattern of concordant T-wavc inversion 

in simple infarction. 
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3. In the presence of the QRS changes of both anterior and posterior 
infarction in the limb and chest leads, and of concordant S-T-T changes 
in the limb leads (group 3), no statement. can be made as to the presence 
or absence of diffuse pericarditis. 

4. In the absence of any QRS pattern of infarction in the limb and 
chest leads, and with the presence of concordant S-T-T changes in the 
limb leads (group 4), the evolution of a tall, upright T wave in the 
chest leads indicates infarction and differentiates the record from one 
of uncomplicated diffuse pericarditis. 

As a result of these deductions, the numlier of cases in which it can 
be presumed that there is a complicating diffuse pericarditis is more 
limited. If the ten cases of group 3 are discounted, since the involve- 
ment of both the anterior and posterior walls may account for the con- 
cordant S-T-T changes in the liml) leads, there remain twenty-nine of 
the original series of thirty-nine eases with an electrocardiographic 
pattern of infarction which possibty reflects a complicating diffuse peri- 
carditis. In seventeen of these tiventy-nine cases there was a con- 
cordant T stage, and this, judging from the post-mortem evidence, may 
be assumed to be the result of extensive myocardial infarction. This is 
particularly true of the three eases with the unexpected T-wave inversion 
which occurred within five days after the attack, for pericarditis, per se, 
does not lead to T-wave inversion until wrecks after the early S-T stage 
(Winternitz and LangendorP). Thus, after careful analysis, in only 
twelve (3.2 per cent) of the series of 380 eases of recent myocardial in- 
farction can an electrocardiographic diagnosis of simple infarction asso- 
ciated with diffuse pericarditis be justified. Since the diagnosis is based 
mainl.y on a transient change during the S-T stage of the electrocardio- 
graphic evolution caused by the infarction, it seems likely that many 
cases may have been missed lieeause no records were taken at the time 
Avhen this change was present. The greater statistical frequencj’’ of com- 
plicating diffuse pericarditis at autopsy would bear tliis out. The elec- 
trocardiographic diagnosis of diffuse pericarditis complicating recent 
myocardial infarction Avill lie made wdth greater frequency only when 
electrocardiograms are made more often during the S-T stage of in- 
farction. 

SUMMARY AND CONCLUSIONS 

1. Out of 380 consecutive cases of recent myocardial infarction, thirty- 
nine presented a limb lead pattern of concordant S-T elevation or con- 
cordant T-wave inversion which fulfilled the criteria for- tlie diagnosis , 
of complicating pericarditis as formulated by Barnes. 

• 2. Both QRS and S-T-T changes in the limb and chest leads have to be 
taken into account and studied in their relation to each other, if uncom- 
plicated diffuse pericarditis is to be differentiated electrocardiograph- 
ically from myocardial infarction and from myocardial infarction com- 
plicated by diffuse pericarditis. 
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3. Autopsy control in four eases of the present report, post-mortem 
correlation in pre\uous reports of cases of recent myocardial infarction 
witli dilfuse pericarditis, autopsy observations in eases of infarction ^Yith 
the “Tn type” of electrocardiogram, and electrocardiographic correla- 
tion in autopsy eases of recent myocardial infarction with diffuse peri- 
carditis lead to the following conclusions : 

(^) tiansient, concordant S-T elevation in the limb leads in an 
otherwise discordant S-T-T ex^olution in cases of anterior or posterior 
wall infarction is highly suggestive of a complicating diffuse pericarditis. 

(b) A concordant T-wave inversion in the limb leads, with QRS 
changes in the limb and chest leads of either the anterior or posterior 
wall tjTpe, is caused bj’’ extensive myocardial infarction, and cannot bo 
considered a result of simple infarction complicated by diffuse peri- 
carditis. However, further anatomic correlation studies are necessary to 
substantiate this statement. 

4. As a result of these deductions, in onty twelve (3.2 per cent) of the 
present series of 380 eases of recent myocardial infarction could a 
diagnosis of complicating diffu.se pericarditis be made. Serial electro- 
cardiograms during the S-T stage of infarction should make the 
percentage of electrocardiographic diagnoses of complicating diffuse 
pericarditis more nearly approach the po.st-mortem incidence (15.3%). 


I am deeply indebted to Dr. L. N. Katz for hi.s advice and critici.sm in tlie prepara- 
tion of tiiis report. 
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THE FEEQUENCY OF ELECTEOCAEDIOOEAPHIC VAEIATIONS 
IN NORMAL, UNANESTHETIZED DOGS 

Joseph La.lich,* M.D., Louis Gohek, A.M., aisid George "Wa-ek^er, M.D. 

Kansas City, ICan. 

T he observation that T waves not infrequently may be inverted in 
all three leads in normal dogs was first made by Smithd Attention 
was directed to the extreme variability in the T waves of normal dogs, 
as contrasted to the T waves of normal human subjects, by Barnes and 
Mann,^ who concluded that, unless the direction of the T wave had 
been established under normal conditions in dogs, conclusions drawn 
following ligation of the coronary arteries might prove confusing. 
Katz, Sosldn, and Frisch® studied serial electrocardiograms in normal, 
unanesthetized dogs over periods of four months and concluded that 
the variability in the T waves was caused by the relative mobility of 
the dog’s heart. These authors suggested that, previous to experi- 
mental electrocardiographic studies on dogs, serial records over a 
period of days Avere indicated. Harris and Hussey* reported on the 
frequency and direction of T-wave variations in seventy-five records 
on fifty normal dogs. Gross and Calef“ found that their normal 
records showed the T-Avave variations Avhich had been reported by the 
previous Avorkers. 

Numerous statements have been made in the literature to the effect 
that electrocardiograms taken on dogs differ in some respects from 
human records, and that electrocardiograms Avhich are considered 
pathologic in man may be observed fairly freqrxently under normal 
circumstances in the dog. Since the dog continues to be the most fre- 
quently used animal in experimental electrocardiography, data on the 
Amriation of individual complexes in normal dogs are of sufficient im- 
portance to be enlarged upon. AVe believe that a further addition to 
our knoAvledge of T, Q, and S Avave Amriations in normal dogs, as to 
their frequency and some other minor changes not mentioned pre- 
viously, is needed. 

method 

Healthy, adult dogs were trained to lie on either their right or left side, so, 
that they were relaxed and flat on the table while the record was being taken. 
Animals which could not be trained to relax on the table were not used in this 
study. On five dogs records were made while they lay first on one side, and then 
on the other, in order to ascertain the effect of change of position on the electro- 
cardiogram. Prom two to seventeen records were taken on each animal within 
four weeks’ time. The records were standardized so that one millivolt produced 
a deflection of one centimeter. 

Prom the Hixon Lahoratory for Medical Research, Departments of Medicine and 
Pathologj', University of Kansas. 

•George A. Breon Fellow in Experimental Medicine. 
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RESULTS 

The data liave been ari'anged in tabular form so that the variations 
and the frequency with wliich they occurred might be oliserved in each 
animal. A total of 218 records on twenty-four normal dogs were 
obtained. 

Occurrence of Variations in the Various Complexes (Table I}.—T 
waves are almost always present in normal dogs. A variation in tJie 
amplitude of the P wave in any one lead was usually associated, with 
sinus arrhythmia. This occurred in sixteen instances in Lead II, and 
12 times in Lead III. Whenever a change in the amplitude or direction 
of the P wave occurred, the animal was usuallj’' apprehensive or excited. 
P-wave inversion was observed in Leads I and III, but never in Lead II. 

Study of the Q waves and inverted T waves in all three leads revealed 
that when there was a Q wave in Lead I the T wave in that lead was 
likely to be inverted. This was not the case in Leads II and III. The 
amplitude of the Q wave was found to be important, because wlienever 
it was greater than 4 mm. the following T wave was inverted in over 
90 per cent of the eases, and this was true of all three leads. This 
relationship between deep Q waves and inverted T waves was especially 
apparent in Lead I; when T shifted from an inverted position to an 
upright one, the Q wave would either disappear or becoine very small. 
The Q waves were deepest and most frequently found in Lead II. 

The data reveal an interesting relationship between the presence of 
S waves and upright T waves. S waves were least frequent in Lead I, 
as were upright T waves. In Leads II and III the S waves were more 
frequent, and so were upright T waves. In Lead III, in which S waves 
occurred most frequently, upright T waves were most common. Just as 
a Q wave is likely to be followed by an inverted T wave, so, when an S 
wave is present, upright T waves will usually be found in any lead, 
especially Lead III. S waves were usually deepest and most frequently 
encountered in Lead III. The relationship between upright T waves and 
deep S waves in Lead III does not appear to be a close one, because 
is not as likely to change as Qi when there is a reversal in the direction 
of the T wave in these leads. 

Contrary to a prevalent idea, as was first pointed out by Harris and 
Hussejq inverted T waves preponderate in Lead I, Avhereas upright T 
Vaves ai’e the most frequent in Lead III. Although there is apparently 
a reciprocal relationship between T, and T 3 , it is not necessarily true that 
an inverted Ti will be accom})anied by an upright T 3 , or vice vema. 

Minor RS-T deviations, seldom exceeding 1 mm., were found most 
frequently in Lead II. No correlation could be establi.shed between RS-T 
deviation and inverted or upright T waves. 

Further Analysis of the Data in Table J . — Revereal in the direction of 
the T wave occurred in nineteen out of twenty-four dog.s. Those ic- 
vei’sals were more frequent in Leads I and II. Inversion of tiie T va\o 
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in all three leads was less frequent; it was observed in, seven out of the 24 
dogs in our series. Applying Pardee's criteria to Qj, we found that Qg 
exceeded 25 per cent of the tallest R wave in nine records. Deep S 
waves were larger than 25 per cent of the tallest R wave in ten records. 

Since Q and S Avaves Avere found to he related to T Avaves, it Avas con- 
sidered important to analyze the data for the occurrence of Q and S 
Avaves in the same lead. It AAms found, that the tAA^o occurred least fre- 
quently together in Lead I and most frequently in Lead III. In those 
instances in AAdiich both Avere present in Leads I and III, usually either 
the Q or the S AvaA'^e measured one millimeter or less. In Lead II, Iioav- 
ever, it AA’as not uncommon to find both Q and S Avaves Avhieh measured 
more than tAvo millimeters. 






4 — 4 . 
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Fig. 1 Fig. II 


Fig. Ill 
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Fig. IV 


Fig. V 


.Fig. VI 


Fig. — I, Note inverted T waves in all three leads, also Qi and Q 2 . II, An example 
of marked left axis deviation in a presumably normal dog. Ill, Tracings from the same 
animal on different days. Note deepening of Qi and increased amplitude of Ti ; this is 
rare; such a deep Q is usually associated with an inverted T (Compare with IV). Ob- 
serv’e deepening of S 3 and reversal of Ts in the second record. This combination is also 
unusual. IV, Note association of a deep Q with an inverted T in Leads II and III 
This is usual when Q is present and equal to 25 per cent or more of the tallest R 
V, S 2 IS more than 25 per cent of tallest R. Note that all T waves are upright which 
is common when a large S is present in any lead, though not invariable VI Tracings 
from the same animal on different days. Note reversal of Ti. disappearance of Oi and 

appearance of a deep Si in the second record, m jX. 

the first day. Leads I and II. 


Note RS-T depression in the record for 


The electrical axes Avefe determined by Dieuaide’s method® in ten dogs 
Avhich had ten or more records taken. Out of each group of records three 
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The third column of figures (reversal in direction of T waves) records how many times an upright T wave became inverted, or vice versa, 
in tlie series of records from the animal identified in column one. The other column headings are self-explanatory. 
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wliicli showed the greatest degree of variation were chosen. Tiie greatc.st 
variation observed in any one animal was 75 degrees; the axis shifted 
from minus 65 degrees to plus 10 degrees. Over 60 per cent of the 
recorded axes fell between 50 degrees and 75 degrees. The usual shift 

in axis from day to day in the majority of the animals was less than 
15 degrees. 

We found no consistent correlation between electrocardiographic vari- 
ations and the side the animal was lying on. T-wave reversals did not 
necessarily follow changes in the electrical axis. 

One animal, dog 89, consistently had an electrocardiogram unlike those 
of the other animals. As this animal’s electrocardiogram was so con- 
stantly different in over twenty-five records, we are publishing it as an 
example of marked left axis deviation in a normal dog. 

SUMMARY 

Two hundred eighteen electrocardiograms were made on twenty-four 
normal dogs. 

Under normal conditions the P waves showed changes in direction and 
amplitude in the same lead. Since these changes happened more fre- 
quently in nervous or excited animals with sinus arrhythmia, we suggest 
that they may be associated with vagal or sjunpathetic nervous influences. 
Changes in amiilitude and reversal of direction of the T waves are tabu- 
lated to illustrate the variabilitj’- in this complex which has been repoi’ted 
previousljL A change in the amplitude or disappearance of Q and S 
waves is the next most frequent variation in the electrocardiograms of 
normal dogs. Even though variations do occur in the various complexes 
in different animals, each dog’s records are characteristic for that animal. 
Slight RS-T deviations from the isoelectric line occurred, but seldoju 
exceeded one millimeter. There was a relationship between Q waves and 
inverted T waves in Lead I which was observed in 78 per cent of the 
records in our series. Likewise, there was a relationship between S wavc.s 
and upright T waves in Lead III; this was observed in 75 per cent of 
the records. Apparently, therefore, there is a reciprocal relation bc- 
Uveen Q waves and inverted T waves in Lead I, and between S wai'cs 
and upright T waves in Lead III. 

Extrasysloles occurred only once in this .series of trained animals, and 
“dropped ventricular beats” wore observed in less than 2 ])er cent of tlic 
records. 

We wish to tliank Dr. 3?. H. Major for liis help, suRRCstion.s, mul eriticisriis. 
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THE INCIDENCE OP RHEUSIATIC AND CONGENITAL HEART 
DISEASE AAIONG SCHOOL CHILDREN 
OP LOUISVILLE, KY. 

Morris M. Weiss, M.D. 

Louisville, Ky. 

^T^HE variation in the geographic distribution of rheumatic heart 
A disease among the school children of the United States has been 
emphasized by numerous observers. Ail are in accord that the disease 
is much less frequent in the South than in the North. Paul and Di.xoii,’ 
in a survey of rheumatic heart disease among American Indian school 
children in Southern and Northern reservations, found an ineidcuee 
of 0.5 per cent in the former, and 4.5 per cent in the latter, group. 
This stud}’' has especial significance because both surveys ^vere made 
by the same examiners. Sampson, Christie, and Geiger,* of San Fran- 
cisco, have reviewed the literature on the incidence of rheumatic heart 
disease in the school populations of the middle, western, and eastern 
United States ; they stressed the marked geographic differences of the 
disease, and found that San Francisco school children showed the low- 
est incidence, i.e., 0.22 per cent. In a more recent survey, RaulP found 
in Cincinnati an incidence similar to that in San Francisco, Of 85,380 
school children, 0.2 per cent had rheumatic heart disease. Statistics 
on the geographic distribution of congenital heart disease are not as 
1 ‘eliable because the majority of the surveys assumed that 20 per cent 
of organic heart disease in children is congenital. This is a false 
assumption. 

The present report is a study of the incidence of rheumatic and con- 
genital heart disease in the school children of Louisville. 

Louisville, situated on a plateau aliout 60 feet above the Ohio River 
at an ordinary stage of water, is in latitude 38° 15' N, and longilude 
85° 45' W. It is 449 feet above sea level. The terrain is undulating, 
with good drainage. The 1930 census showed a population of 307,745 
in an area of 37.88 square miles. The population is composed of 251,364 
native whites, 8,938 foreign-born whites, and 47,354 negroes. The mean 
annual temperature is 63.1° F., the mean annual maximum, tS.5 I*., 
and the mean annual minimum, 34.5° F. The mean relative humidity 
is 76 per cent in the morning and 62 per cent in the afternoon. There 
is an average of 124 days of rainfall, with an average annual precipita- 
tion of 43.49 inches. The average annual snow precipitation is 29 
inches. Clear days number 128, cloudy day.s, 109 and partly cloudy, 
128. 

From the Department of Health. City of LiOul.>!vUIe. 

Received for publication Sept. 14, 1940. 
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ilETHOD OF STUDY 

The school physicians connected with the Department of Health of 
the City of Louisville each year examine all the pupils Avho attend the 
kindergarten, first, fourth, and seventh grades, and the first year of the 
junior high school. Therefore, all the children in the entire school 
system are examined at least once in three years. Examinations are 
made with the chest exposed. The school physicians do not attempt to 
make an etiologic classification of the cardiac abnormalities which they 
find. Under the heading of “heart” on the child’s health card, a nota- 
tion is made as to any deviation from the presumed normal, and the 
child is then referred to the family physician for further examination. 
For three consecutive school years, from 1936 through 1939, all chil- 
dren designated “heart” in each school, public and parochial, were re- 
examined by myself. Children who were receiving bedside instruction 
because of home confinement as a result of heart disease were cheeked 
through the Board of Education. The eases of pupils who died in the 
public hospitals during the years of the survey were included in the 
total number analyzed. The criteria for the diagnosis of rheumatic 
and congenital heart disease, as specified by Paul and his associates,^ 
were followed, except that apical systolic murmurs were ignored unless 
they were accompanied by cardiac enlargement, or were very loud and 
heard over a wide area of the preeordium. In borderline cases the 
children were re-examined several times during the three years of the 
study. Eoentgenologie and electrocardiographic facilities ivere rarely 
available. 

A yearly average of 41,905 children from 6 through 14 years of age 
attended the public and parochial schools from 1936 through 1939. A 
total of 221, or 0.52 per cent, had rheumatic or congenital heart disease 
(Table I). There were 35,713 white children, of which number 196, or 
0.54 per cent, had these etiologic types of heart disease. Of 6,192 negro 
children, 25, or 0.45 per cent, had rheumatic or congenital lesions. 
Rheumatic heart disease was present in 153, or 0.36 per cent, and con- 
genital defects in 68, or 0.16 per cent. Thus, rheumatic heart disease 
accounted for 69 per cent of the 221 cases of organic heart involvement. 
Of the 153 cases of rheumatic heart disease, 131 occurred in white 
children. This is an incidence of 0.33 per cent. The incidence in negro 
children was the same, 0.35 per cent (twenty-two cases). The in- 
cidence of congenital heart disease was greater among the white 
than among the colored children. Only three, or 0.05 per cent, of the 
negro children had congenital lesions, in contrast to sixty-five, or 0.18 
per cent, in the white pupils. 

Rheumatic heart disease was approximately equally common in both 
sexes of both races (Table II). Rheumatic valve lesions were present 
in sixty-six white boys, sixty-five white girls, twelve negro boys, and 
ten negro girls. Congenital heart disease was found in twenty-six 
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Table I 
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An attempt was made to ascertain the social distribution of l)ie rbeii- 
matic cases. Despite overlappino- of economic levels in many of the 
schools, there was a greater incidence of rheumatic heart disease among 
the children from the “poorer” districts than from the “better” di.s- 
tricts of the city. However, the incidence was not significantly higher 
in the recent slum clearance areas of the city. 


DI.SCU.S.SION 

The incidence of rheumatic heart disease in Louisville .school children 
is similar to that in San Francisco^ and Cincinnati."* The fact Unit (iO 
per cent of the cases of organic heart disease were rheumatic confirms 
the observations made in those communilies that the incidence of rheu- 
matic heart disease in children cannot be ascertained on the assump- 
tion that 80 per cent of the murmurs in children are of rheumatic 
origin. 

There is a divergence in the reports as to the racial incidence of 
rheumatic heart disease. Kaulr* found that the incidence of acquired 
heart disease was almost twice as high among colored as among white 
children. Other-S'” have reported a higher incidence in white children. 
This study did not reveal any racial difference in incidence. 
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No attempt was made to make a careful anatomic diagnosis of tlie 
lesions encountered, but it is of interest that there was only one ease 
of dextrocardia and not a single instance of complete heart block. 

No cases of rheumatic or congenital disease were encountered in 
siblings. 

The fact that the incidence of rheumatic heart disease was not sig- 
nificantly higher in the slum clearance areas of the city would indicate, 
as others have noted, that rheumatic fever is not strictly a disease of 
paupers. 

SUMMARY 

1. A study is presented of the incidence of rheumatic and congenital 
heart disease among 41,905 school children from 6 through 14 years of 
age who 3 marly attend the schools of Louisville, Ky. 

2. A total of 221, or 0.52 per cent, had rlieumatic or congenital heart 
lesions; this included 0.54 per cent of the vdiite and 0.45 per cent of 
the negro children. 

3. Kheumatie heart disease accounted for 69 per cent of the 221 
cases. 

4. Rheumatic heart disease occurred in 0.33 per cent of the white 
and 0.35 per cent of the negro pupils. 

5. Congenital heart lesions were found in 0.18 per cent of the white 
and 0.05 per cent of the negro children. 

6. Rheumatic valve lesions were approximately equally common in 
lioth sexes of both races. No cases Avere encountered in siblings. 

7. Although the incidence was not higher in the slum clearance areas 
of the eitj’-, there was a greater incidence of rheumatic lesions in chil- 
dren from the “poorer” than from the “better” districts. 


I am indebted to Dr. H. B. Leavell, Director of tbe Department of Health, Miss 
Florence Hauswald, Superintendent of Public Health Nurses of the City Health 
Department, and Miss Mary IM. Wyman, Director of the Department of Health 
and Safet}' Education, Louisville Public Schools, for their assistance and coopera- 
tion in this study. 
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OBSERVATIONS ON THE PRODUCTION OF MYOCARDIAL 
DISEASE WITH ACETYLCHOLINE 


Richard C. Horswell, jM.D. 
Boston, Mass. 


I — TALL, et al.,’’ “ have repoiled that they were able to produce severe 
myocardial and coronary artery damage, resulting in myocardial 
failure, in six out of eight dogs, msing injections of a 1 -. 10,000 solution 
of acetylcholine, administered intravenously over a period of one and 
one-half hours daily. Their animals developed cardiac symptoms and 
died of heart failure after 19 to 227 eonsecutive daily injections. Car- 
diac murmurs first appeared in their older dogs after 12 to 19 injec- 
tions, and in the younger ones murmurs were noted after 34 to 13G 
injections. In the hearts at autopsy they found areas of hyalinizalion, 
with developing fibrosis, hyaline degeneration of the media of medium 
and smaller sized arteries, with fibrosis, recent infarcts of the myo- 
cardium, thrombosis of many branches of the coronary arteries, rc- 
eanalization of occluding thrombi, fatty degeneration of the myocar- 
dium about infareted areas, and lai*ge areas of fibrosis. These changes 
were noted only in the old dogs. In the young animals they found no 
arterial changes, but reported mild to severe hyaline degeneration of 
the myocardium, a few scattered hemorrhagic areas with cellular in- 
filtration, and very recent infarcts of the papillary muscle. The authors 
attributed the effect to a prolonged parasympathetic overl)alance of 
the autonomic nervous sj'Stem, and to confirm this hypothesis they 
reported similar lesions in dogs that had been adrenalectomized^ and 
in other animals after continuous electrical stimulation of the vagi."* 

In undertaking an experimental study of “chronic myocarditis,” an 
attempt has been made to produce myocardial and coronary artery 
damage, following, with certain modifications, the method described I)y 
Hall, et al. 


METHOD 


Four male and four female dog.s of mixed breeds, ranging in veigiU from S to 
22 kg., were selected. D5 was young, DG very old, and the remaining six atiirnals 
were middle-aged. Injections, under sterile precautions, were begun after a pre- 
liminary period of ob-servation and training. The technique described by Hall 
was used, both for preparing the concentrated acetylcholine solution (each c.e. 
contained 25 mg.), and for the daily in.icction.s, with the exception that the con- 
centrated acetylcholine hydrobromide (Eastman) was given in 250 c.c. of normal 
saline instead of 500 c.c., and the- unane.'^thetized animals were injeefed only six 
days a week. The prc.scribcd dose of 50 mg. of acetylcholine per dog, regardless 
of’sir.c, was given each day, at the outset. Such a dose produced no rioticealde 
cardiac response after the initial tachycardia had subsided. Consequently, the 
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amount was soon increased sufficiently to attain a maximum cardiac effect tlirougli- 
out the ninety-minute period. (A tachycardia of over two hundred beats per min- 
ute was maintained if at all possible.) No standard dose was given because of 
the wide variation in the tolerance of the individual animals. The use of a 
buffered concentrated solution of acetylcholine was also discontinued because the 
compound was relatively unstable when in solution; thereafter, the crystalline 
material, in accuratelj^ weighed amounts, was added directl}^ to the saline solution 
just before starting the infusion. 

The heart rate and rectal temperature were recorded before starting each in- 
jection, and during the infusion the heart rate was checked at ten-minute inter- 
vals. Electrocardiograms, the femoral arter 3 ' blood pressure, and blood cell counts 
were taken from time to time during the series of injections. Bach animal was 
weighed at weekly intervals. 

After two animals had been given sixt 3 ’^ injections, two ninety injections, and 
four 100 injections, a blood culture, electrocardiogram, roentgenogram of the 
heart, and complete blood cell count were obtained on all of the animals. Meas- 
ures were then taken to produce acute dilatation of the heart, first, by massive 
intravenous infusions of normal saline at a rapid rate, and, second, b 3 ’' vigorous, 
exhausting exercise. 

Following a subsequent rest period of four months, an electrocardiogram and 
roentgenogram of the heart were again taken on each dog. One of the animals 
that had received 100 injections, D3, was sacrificed. Of the remaining animals, 
two, D4 and D7, were allowed to become pregnant; the rest were given a second 
course of injections. In this series three dogs survived 127 injections and were 
then sacrificed. 

At autopsy, all arteries of the thorax and abdomen which were large enough to 
admit the tip of a pair of fine scissors were opened and examined. The coronary 
vessels were opened and inspected before the fresh heart was cleaned and weighed. 
Sections were taken routinely from both auricles, the interauricular septum, the 
right and left ventricular walls, the apex, the papillary muscles, the valves, and 
the interventricular septum, as well as from the lung, liver, kidney, pancreas, 
spleen, intestine, adrenal gland, and skeletal muscle. Similar sections from a num- 
ber of normal hearts were studied for comparison. 

Table I 





FIRST 

SERIES OP INJECTIONS 

SECOND SERIES OF INJECTIONS 

DOG 

WKIGIIT 

SEX 

NO. 

DAILY DOSE 

INCREASED 

FROM 

AVERAGE 

DAILY 

DOSE 

NO. 

DAILY DOSE 
INCREASED 

FROM 

AVERAGE 

DAILY 

DOSE 

1 

kg. 

24 

M 

HI 

mg.* 

50 to 800 

mg. 

260 

56 

mg. 

300 to 500 

mg. 

420 

2 

14 

F 

B(i II 

50 to 500 

240 

89 

100 to 250 

150 

3 

24 

M 

Bii 9 

50 to 1000 

360 





4 

17 

F 


50 to 1100 

445 

4 

500 to 600 

535 

5 

23 

M 

Hi 9 

100 to 1000 

420 

127 

250 to 500 

415 

6 

22 

M 

91 

75 to 800 

320 

125 

250 to 500 

385 

7 

17 

F 

60 

100 to 600 

280 





g 

8 

F 

60 

100 to 800 

325 

126 

200 to 500 

370 


•Mg. of acetylcholine necessary to maintain a heart rate of 200 beats per minute 
throughout the 90-minute injection period. 


RESULTS 

The essential data are presented in Tables I and II. It is to be noted 
that cardiac murmurs were produced in only two of the eight dogs. 
In D4 it appeared after twelve injections, and, in D7, after forty-six 
injections. Both dogs were pregnant at the time. The systolic mur- 
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miir ill D4 iiersisted and increased in intensity, whereas the inurnuir 
of D7 disappeared during the four-month rest period. None of the 
animals died of cardiac failure. Two dogs (Dl, after 156 injections, 
and D2, after 189 injections) died suddenly while being infused, pre- 
sumably as a result of ventricular fibrillation, for both of them had 
auricular fibrillation just prior to death. These two animals had auric- 
ular fibrillation during almost every injection, whereas only rarely did 
any of the others, with the exception of D7, develop fibrillation. Pneu- 
monia was the cause of two deaths. The remaining four were sacri- 
ficed. Throughout the study, all the dogs seemed to be in good health ; 
they gained weight and enjoyed normal activity. The acute effects 
which were noted during the daily acetylcholine infusions were identi- 
cal with those described by Hall, i.e., tachycardia, lacrimation, saliva- 
tion, vomiting (no hematemesis, however), and diarrhea, usually with 
meleiia; and, when the amount of acetylcholine per minute was in- 
creased to the maximum tolerance of the animal, extrasystoles, dropped 
beats, auricular fibrillation and flutter, as well as marked dyspnea 
(even apnea), were observed. There was no roentgenologieally demon- 
strable increase in the size of the heart except in the case of D4, in 
which a 12 per cent enlargement was found. The electrocardiograms 
remained essentially unchanged throughout the entire period. In no 
instance did the P-R interval measui’e more than 0.14 second. At the 
conclusion of the first series of injections, Staphylococcus albus was 
grown from the blood of D4. No cultures were taken on the surviving 
dogs at the conclusion of the second series of injections. 

MORPHOLOGIC CHANGES 

Heart . — The hearts of six of the animals were grossly normal. The 
HW 

ratios, based on figures published by Harmann,® were within nor- 
mal limits (see Table 11). The right side of the heart of D4 was dilated, 
and an area in the anterior aspect of the right ventricular wall was 
markedly thinned. The tricuspid valve was fenestrated and incom- 
petent, and was very edematous when examined histologically. Micro- 
scopically, the thinned ai'ea in the anterior aspect of the right ventricle 
showed only replacement of the myocardium by fat cells, with no 
fibrosis or cellular reaction and no occluded vessels. 

In a papillary muscle of the left ventricle of D6 a small area of 
fibrosis was found, and on the mitral valve a fresh verrucous lesion, 
containing colonies of staphylococci, was noted. In D8 there Avas a 
small calcified lesion in a papillary muscle of the left ventricle. No 
recent infarctions or occlusions of the coronary arteries could be found 
in any of the hearts (see Table II). On microscopic examination, rarely 
a small artery showed slight thickening of the media, but not more 
than was found in the control hearts. 

Lungs . — Passive congestion Avas noted in D2 and D4. 
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Liver.— The liver of D4 avrs contracted, hard, and nodulai-, roseni- 
bling cardiac cii'rhosis. That of D2 shoAved acute passiA^e congestion, 
and that of D6, chronic jAassiA'e congestion. 

Pancreas.— Agonal dilatation of the arterioles. Avith fresh pctcehiae, 
was found throughout the pancreas of D1 and D2. 

Spleen. A fcAv of the spleens contained aljnormal amounts of ])iginent 
deposits. 

Kidneys. — Except for both kidneys of D6, AAdiieh AA*ere the seat of 
extensiA’-e acute and chronic suppurative nephritis, only an oeeasionai 
area of infarction Avas found. 

Intestinal Tract. — The mucosa of the stomach A\ms essentially nega- 
tive. In all the dogs there Avere shalloAv depressions, measuring from 
1 to 3 cm. in diameter, Avhieh extended from the pylorus to the ap- 
pendix, were covered with epithelium, and varied in number from six 
to tAventy per animal. On histologic examination, none of them had 
the characteristics of a peptic ulcer; they AA^ere composed of markedly 
thinned mucosa OA’^erlying collections of lymphoid cells. The mucosa 
of the intestine of the tAvo dogs Avhich had died during an injection 
Avas beefy red from an inch beyond the pylorus to the rectum ; that of 
the other dogs Avas a purplish pink. 

Adrenal Gland. — Nothing abnonnal Avas observed. 

Arterial Tree. — No atheromata or occlusions Avere found in the aorta 
or its branches as far as they could be traced. 

DISCU.SSION 

An attemiJt to jjroduee myocardial degeneration Avith injections of 
acetylcholine Avas unsuccessful, eA'en though each dog Avas given the 
maximum dose it could tolerate. In addition, to avoid the possibility 
of any decomposition of the acetylcholine before it reached the blood 
stream of the animal, the cry.stals A\’ere added directly to the normal 
saline just before each injection. Cardiac murmiu’s A\'cre heard in only 
tAvo of the animals. Cardiac disability developed in one dog, and AA’as 
cAudently caused by tricuspid insufficiency resulting from healed endo- 
carditis. Tavo acute deaths took place, probably because of A'entricular 
fibrillation ; post-mortem examination of these hearts Avas entirely neg- 
atiA-e. The electrocardiograms, for the most part, remained noininl, 
and the P-R interval Avas not prolonged in any instance. (Hall noted 
that the P-R intei-val increased to 0.4 second in one case.) TJiere Avas 
no histologic eAudence of A’aseular changes and myocardial losion.s, foi 
.sections from control animals shoAA’cd comparable changes. 

Inasmuch as Hall, et ah, have slated that, with a daily do.se of 50 mg. 
of acetylcholine, they noted the appearance of cardiac murmurs after 
9 to 136 consecutive injections, and death as a result of cardiac failure 
after 21 to 227 injections in six out of eight dogs, it Acas felt that 
their method had been giA'cn a fair trial. The fact that, in the study 
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here reported, a rest period of four months was given to the animals 
does not render the results invalid because the production of myocar- 
dial disease should be an accumulative process. 

Gilbert and LeRoy,® in substantiation, have closely adhered to the 
method employed by Hall, et al., using first a dose of 50 mg., but later 
increasing it to 100 mg., of acetylcholine daily, and have given daily in- 
jections totaling 606, 558, 546, 531, 510, 458, and 430 mg., respectively, to 
seven dogs without producing more than a minor degree of myocardial 
and coronary artery damage. None of their animals developed signs 
of cardiac failure or significant electrocardiographic changes, although 
they noted the appearance of systolic murmurs in some of them. 

CONCLUSIONS 

Intravenous injections of acetylcholine hj’-drobromide were given over 
a ninety-minute period, six days a week, for a total of 101, 100, 100, 
100, 91, 90, 60, and 60 mg., respectively, to eight dogs. Following a subse- 
quent rest period of four months, six of the dogs received additional 
injections numbering 4, 56, 89, 125, 126, and 127, for a final total of 
227, 216, 190, 186, 156, 100, 94, and 60 injections, respectively. The 
daily dose, which averaged from 150 to 445 mg., Avas increased from 
50 mg. to as high as 1,100 mg., depending on the degree of tolerance 
to the drug manifested by the individual animal. Two of the dogs 
developed cardiac murmurs, one after tweh’'e injections, the other after 
forty-six injections ; both were pregnant at the time, and one of them 
had a bacterial endocarditis immlving the tricuspid valve. Two dogs 
died while being injected, probably from ventricular fibrillation. The 
electrocardiograms and morphologic changes in all the hearts Avere 
comparable to those of the control dogs. 

An attempt to produce severe coronary artery damage and myocardial 
failure in dogs by intravenous acetylcholine injections Avas unsuccessful. 

I wish to thank Dr. Nathan Eudo for interpreting the pathologic data. 
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DEPROTEINATED PANCREATIC EXTRACT (DEPROPANEX) 
II. Effect of Intravenous Administration in Rabbits* 

M. Stephen Schwartz, M.D., Martin U. Fisher, 

Irwng S. Wright, M.D., and A. Wilbur Duryee, JI.D. 

New York, N. Y. 

TN UTILIZING any therapeutic agent, the most efficacious method of 
administration is naturally desired. In the use of pancreatic ex- 
tracts, intravenous administration has been associated with unfavor- 
able reactions in the past. N. W. Barker and R. W. GrahanP stated 
that when' pancreatic extracts Avere injected intravenously into ani- 
mals, toxic effects Avere noted. J. B. Wolffe," similarly, has Avarned 
against the intraA^enous administration of these extracts. IIoAvovcr, Avitli 
the deA'elopment of deproteinated pancreatic extract, AAdiich is practically 
protein-free, as AA'ell as free of in.sulin, histamine, and acetylcholine, the 
possibility of intravenous administration Avas considered more faA'orably. 
The present study A\'as instituted in order to note the effects of largo 
amounts of deproteinated pancreatic extract AAdien administered intra- 
venously to rabbits. 

jMethods and materials 

Twelve rabbits wliicli Aveiglied from four to eight pounds, were nppro-vinintoly 
five months old, and were all males except one, were used. Three of this group 
Avere anesthetized by intraperitoneal injections of sodium amytal (GO milligrams 
per kilogram of body Aveiglit). Tlie nine others Avcre unanesthetized. Tlie rabbits 
were bound down to a rabbit board, and deproteinated pancreatic extract was 
administered by intravenous infusion to seven rabbits and by a multiple .=yringp 
method to five. The routine intravenous infusion drip apiiaratus was used for 
the sloAv method, and a multiple syringe for the rapid method. The time of ad- 
ministration Avas noted, and the onset of the rabbits’ reactions Avnre charted in 
the order of their occurrence. Two animals, used ns controls, rccciA'cd saline by 
the intraA'cnous infusion method. Electrocardiograms Avere taken before and 
after the administration of deproteinated pancreatic extract in several rabbits. 
Six rabbits Avere giA-en deproteinated pancreatic extract by intravenous infusion 
at a rate of 1.1 to 1..5 c.c. per minute (Group I, see Table I). One rabbit Avas 
giA'en deproteinated pancreatic extract by the multiidc syringe method at a rate 
of 1.7 c.c. per minute, and four rccciA-cd the extract by the same riipfliotl at a 
rate of 3 to S c.c. per minute (Group II). 


RESULTS 

No signs Avere nolccl aflcf the julminislrttlion of llip fivst :> lo 10 (•..(•. 
of deproteinated patierealic extract intraA'enously. SaliA'ation nsiiallA 
occurred after the animal had received In c.c. 1 lie siibscGncnt signs. 

Trom the Vn.>!Cular Clinic. Pepartment of Meilicine, New A'ork no.^t-Crjiduate 
cal .School anti Ho.«pitnl, Columbia UnlA-er.«Uy. 
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Table I 


Toxicity of Deproteinated Pancreatic Extract Injected Intravenously 

IN Babbits 





deproteinated pancreatic extract j 







TOTAL 



RABBIT 

SEX 

WEIGHT 

TOTAIa 

C.C. PER 

INJEC- 

KATE 

METIIOG . 

KO- 

KG. 

AMOUNT 

KG. BODY 

TION 

C.C, PEK 





C.C. 

WEIGHT 

TIME 

MIN. 

f • 






MIN. 



Oroup 1 
1003 

M 

2.2 

290 

131.8 

255 

1.1 

Infusion 

1000 

M 

2.7 

260 

96.3 

205 

1 1.2 

t Infu.sion* 

1002 

M 

2.0 

153 

76.5 

102 

1.5 

Infusion 

Anesthetized 

1001 

M 

2.0 

100 

50.0 

101 

1.0 

Infusion* 

1005 

M 

1.8 

87 

48.3 

60 

1.4 

Infusion 

43 ; 

M 

2.0 

73 

36.5 

60 

1.2 

Infusion 

2 

M 

2.4 

100 

41.7 ‘ 

60 ! 

1.7 

Syringe 

Anesthetized 

Group 11 







Syringe 

46 

M 

2.0 

38 

19.0 

13 

3.0 

568 

M 

3.6 

48 1 

13.3 

15 

3.2 

Syringe 

Anesthetized 

6 

F 

3.2 

55 

17.2 

7 

8.0 

Syringe 

4 

M 

3.0 

54 

18.0 

6 

9,0 

Syringe 

Anesthetized 

Controls 







Infusion* 

1007 

M 

2.4 

250 

104.2 

60 

4.0 




C.C. 

saline 





1006 

M 

2.7 

200 

74.1 

70 

2.8 

Infusion* 




C.C. 

saline 






•Animal survived. 


mostly parasympatliominietic, oceuTrecl at varialjle intervals of ad- 
ministration. Among the prominent manifestations, in the order of 
their ocenrrenee, were lacrimation, rhinorrhea, increased muscle tone 
to tremors, increased peristalsis to diarrhea, involuntary micturition, 
rapid respiration, rapid pulse to irregular pulse, generalized convul- 
sions, and, terminally, pulmonary edema. 

There was no difference in the onset of signs in those animals which 
were anesthetized as compared to those which were unanesthetized. 

At the rate of 1.1 to 1.5 c.c. per minute (Group I), from 73 c.c. to 
290 c.c. of deproteinated pancreatic extract were given by the intra- 
venous infusion method. From 36.5 to 131.8 c.c. per kilogram of body 
vveight were received by this group. 

The one rabbit which received the extract at the rate of 1.7 c.c. per 
minute by the multiple syringe method tolerated 100 c.c. in sixty min- 
utes, or 41.7 c.c. per kilogram of body wmight. When the rate of ad- 
ministration was increased from 3 to 8 c.c. per minute (Group II), 
doses from 38 to 55 c.c. were sufficient to cause death; an average of 
16.8 c.c. per kilogram of body weight was given to this group. 

The two saline controls survived the infusions. One received 
250 c.c. at a rate of 4 c.c. per minute, and the other 200 c.c. at’ a rate 
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of 2.8 c.c. per minute. The only signs noted were evanescent tremors. 
One of these rabbits, No. 1006, was subsequently submitted to an in- 
fusion of deproteinated pancreatic extract and tolerated 260 c.c. of the 
extract without succumbing. 

Rabbit No. 1001 survived 100 c.c. of deproteinated pancreatic ex- 
tract, when the experiment was terminated. Thus these figures could 
have been higher had the rabbits been allowed to receive more depro- 
teinated pancreatic extract. No delayed reaction or latent elfects iverc 
noted in these animals which survived. Electrocardiograms revealed 
no significant changes, but, because the series was small, no definite 
evaluations can be made. 

DISCUSSION 

Prom this study, it seems apparent that further investigations in llic 
direction of intravenous administration might be worth wliile. No unto- 
ward reactions in man were noted in giving over 1,000 injections of this 
substance intramuscularlj’- in the hip, in doses of 3 c.c. three times a week. 
We have previously reported its use, intravenously, in twenty patients 
without severe systemic reactions. Because protein is practically ab- 
sent from this preparation, danger from this component of earlier 
extracts is eliminated. Since rabbits weigh only one tliirty-fifth as 
much as adult human beings, and can tolerate massive doses per kilo- 
gram of body weight, further investigative work, using slow intra- 
venous administration of small doses of deproteinated pancreatic ex- 
tract in man, can be instituted without great risk. It is only by 
studying a large group of patients, over a long period of time, that 
conclusions can be dravui as to the relative value of this substance in the 
treatment of peripheral vascular disease. 

CONCLUSIONS 

1. Deproteinated pancreatic extract is a relativel}' nontoxic substance 
when injected intravenously into rabbits. 

2. The slower the administration of the extract, the greater the 
tolerance of the animal to still larger doses. 
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A COMPARISON OF LEADS IV R AND IV P 

Irving M. Liebow, M.D., and Edward H. Cushing, M.D. 
Cl.e\^land, Ohio 

C HEST leads were first used clinically by Wolfertli and Wood," in 
1932. Within a few yeai’S precordial leads came into widespread 
use. Following this there developed confusion because of lack of uni- 
formity in nomenclature and technique. In 1938 a report of the Com- 
mittee for the Standardization of Precordial Leads appeared,^ and a 
few months later the Committee published further recommendations 
in a supplementai'y reiiort.^ Of all the chest leads considered. Leads 
IV R* and IV Ft were advised for ordinary purposes. Furthermore, 
the Committee expressed preference for Lead F, but suggested that 
more investigation of the apical leads would be necessary before final 
judgment. 

Following the suggestions of the Committee, many workers investi- 
gated the relative values of the two apical leads. Edwards and Vander 
Veer,* using the six standard positions in CR, CL, and CP, in addition 
to Leads IV R and IV F, concluded that Lead IV R was the one of 
choice provided the heart is not appreciably enlarged. (In the latter 
event the precordial electrode is never to be placed farther to the left 
than the anterior axillary line.) Likewise, Wood and Selzer,® in a 
study of Leads IV R and IV P and several other chest leads, came to 
the conclusion that the right arm site for the indifferent electrode was 
most informative, and advised its routine use in preference to the left 
leg. Geiger® is of the opposite opinion. He found significant discrep- 
ancies between Leads IV R and IV P in sixty-four out of 400 records. 
In fifty-five of these records the diagnostic abnormalities were more 
marked in IV P, and in only nine were they more marked in IV R. He 
concluded that Lead IV P was distinctly better than Lead PV R. 

Shortlj^ after the publication of the Committee’s recommendations,^’ ® 
we began to take both apical leads routinely, in addition to the stand- 
ard limb leads. In view of the diversity of opinions we have compared 
Leads IV R and IV P in our cases. 

METHOD 

Eight hundred seven electrocardiograms were made on 389 patients. These in- 
cluded the standard limb leads and Leads IV B and IV F. The number of records 
on each patient ranged from one to fourteen. The patients were all adults who 
had been sent to the laboratorj’^ because they were known to have, or were sus- 
pected of having, heart disease. Beyond this no selection of patients or electro- 
cardiograms was made. 

Ho?p?taI, cfevelTnd.^"’®"'' Medicine, Western Reserve University, and the Lakeside 
Received for publication Oct. 9, 1940. 

‘Indifferent electrode on the right arm ; exploring electrode over the apex 
tlndifferent electrode on the left leg ; exploring electrode over the apex. 
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The position of the subjects varied from recumbent to sitting; at sli<,ditlv less 
than 00 degrees. All records were taken on a Cambridge “Hindle’'’ electro- 
cardiograph. The patient’s resistance was in all instances 2,000 ohms or Ics.-^. 
The galvanometer connections were made in such a way that relative jiositivity 
of the precordial electrode was represented by an upward deflection.^ Tlio inter- 
pretation of each electrocardiogram was made upon consideration of all the leads 
taken. 

ANALYSIS 

The purpose of our study was to ascertain whetlier one of the apical 
leads was significantly more diagnostic tlian the other. To accom])li.sh 
this we liave classified Leads IV R and IV F in relation to each other a.s 
“similar” and “dissimilar.” If both were normal or both were abnor- 
mal they were considered similar; on the other hand, if one was noiimil 
and the other was abnormal they were considered di.ssimilar. An apical 
lead was termed abnormal if (a) the initial positive deflection was ab- 
sent, or 2 mm. or less in height;"’® (b) the S-T junction was elevated 
more than 2 mm. or depre.ssed more than 1 mm.;® (c) the T wave was 
other than upright®- or was upright and less than 1 mm. in am- 
plitude.®’ 

The similar records comprised a large number (767) of IV R and 
IV P leads, so that a brief description of the general characteristics of 
their complexes may be a valuable addition to the already available 
information concerning them. Forty dissimilar records were foinid 
among the 807 records compared in the above manner, and these will he 
analyzed separately. 


ELECTROCARDIOGRAJIS IN WHICH LEAD.S IV R AND IV F WERE SIHILAK 


P Waves . — The P waves in 715 records were compared ; several records 
were omitted because of the presence of auricular fibrillation. In Lead 
IV R the P wave was a positive deflection in 694 (97 ])cr cent), and 
a negative deflection in 5 (0.69 per cent). It was i.soelcctric in five 
(0.69 per cent), and of more than one pha.se in eleven (1.52 per cent). 
Of the positive deflections, only thirty-two were le.s.s than 1 mm. ifi 
amplitude. Thus slightly more than 95 per cent ot the positive P waves 
were 1 mm. or more in size, and 92.5 per cent of all P waves in II' R 
were both jiositive and at least 1 mm. in amplitude. The maximum 
amplitude was 4 mm. 

In Lead IV F the P wave was jiositive in 266 (37.2 ])er cent), iso- 
electric in 209 (29.2 per cent), and negative in 191 (26.7 per cent). If 
was of more than one phase in forty-nine (6.84 iier cent). Of the jiosi- 
tive deflections, only .seventy-three (27.4 per cent) were 1 mm. or more 
in height. Thus onlv 10.2 per cent of all P waves in this lead were both 
lio.sitive and at lea.st 1 mm. in amplitude. The maximum amplitude 
was 2 mm. 


= cited above civc varvinp flKUre.*-- for tlie iiilnlmiim aiiipiltude o 
iv F -A minimum of 1 mm. wa.- ciio.-.en arbitrarily, after con« 


•Tlie reference. 

I.eads IV R and I\' ^ . .. , ^ 

tion of tlie.«e flgure.«, n.« mo.'>t ropre.'Cntatlve. 


of T In 

Idem- 
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In the 715 eases, P in IV F was similar to P in IV R in ten (1.39 
per cent), and P in IV E was exceeded in size by P in IV F in ten 
(1.39 per cent). The P wave in Lead IV R was therefore more often 
positive and more often larger than P in Lead IV F. Furthermore, P 
in IV R was nsually positive and easily measured, whereas P in IV F 
was isoelectric, or so small a positive or negative deflection that its identi- 
fication was difficnlt. 

QRS Complexes . — A few records were omitted because lai’ge R or S 
waves extended beyond the edge of the record. Seven hundred 
twelve complexes were analyzed. Of these, the algebraic summation of 
the complexes in lioth IV R and IV F were in the same direction in 615 
(8'6.4 per cent), and in different directions in ninety-seven (13.6 per 
cent). In this latter group of ninety-seven tracings, QRS in IV R Avas 
positive in eighty, and QRS in IV F Avas positive in the remaining 
seventeen. 

The amplitude of QRS Avas calculated in the 615 cases in AAfliich the 
direction Avas the same. The complexes AA^ere considered to be of equal 
amplitude if the algebraic summations AA^ere AAuthin 2 mm. of each other. 
With this classification, QRS of IV R and IV F Avere equal in 165 (26.8 
per cent). The QRS of IV R AA'as larger than that of IV F (2.5-27 mm. ; 
aA^erage 7.46 mm.) in 340 (55.3 per cent) and the QRS of IV F Avas 
larger than that of IV R (2.5-22 mm.; aA^erage 5,41 mm.) in 110 (17.9 
per cent). In all 712 cases, i.e., including those considered equal, QRS 
in IV R Avas larger than QRS in IV F (average 4.09 mm.) . 

8-T Junction. — In considering the S-T junctions of the electrocardio- 
grams Avith similar apical leads, all records in AA'hich a digitalis effect 
Avas noted Avere omitted. Seven hundred seven records Avere studied. 
The junction Avas isoelectric in both leads in 338 recoi’ds (47.8 per cent), 
and dcAuated equally (less than 1 mm. difference) in 265 (37.5 per cent). 
In fifty-tAA^o records (7.4 per cent) the deviation AA'^as more positive (2 
mm. or more difference) in IV R, and the same held true in an equal 
number of cases for IV F. 

In the last tAvo groups (104 records) the deviation of the S-T junction 
Avas positive in both IV R and IV F in thirty-seven cases, in tAventy-four 
of Avhich IV R Avas more posith’-e than IV F. In these groups the devia- 
tion Avas negative in both IV R and IV F in tAventy-five cases, in sixteen 
of Avhich IV R Avas more negative than IV F. 

Thus it is seen that the S-T junction in Leads IV R and IV F Avas iso- 
electric in about half the cases, and deviated equally in about four-fifths 
of the remaining cases. When the junction deviated unequally (1 mm. 
or more difference) but in the same direction, the dcAuation, AA'hether 
positive or negative, Avas more marked in IV R. 

T IFaues.— -The T AvaA^es of the 754 records Avere analyzed. In 483 
(63.9 per cent of the total), T aa'os positiA'’e in both leads. Among these 
483 in Avhich T Avas positive in both, T in IV R Avas larger than T in IV 
F in 357 (73.9 per cent), and smaller in fifty-four (11.2 per cent). They 
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were equal in seventy-two (14.9 per cent). In 199 records, T was uega- 
tive in both leads ; it was of the same amplitude in thirty-seven (1S.6 per 
cent), of greater negative amplitude in IV p in ninety-one (45.7 per 
cent), and of greater negative amplitude in IV E in seventy-one (35.7 
per cent). There remained seventy-two records in which the T waves 
■were neither both positive nor both negative. Among these seventy-two 
were twenty-one records of anterior and apical infarction in which Leads 
IV R and IV P Avere considered similar because both were diagnoslic. 
but in which the T Avaves varied. In nineteen of these tAventy-one 
records T in IV P aa^s negative, AAdiereas T in IV R Avas diphasic or of 
abnormally small positive voltage. The rcA'crse held true in the remain- 
ing tAvo records. In this same group of sevent3’'-tAvo there Avere ten 
records of posterior and basal infarction, among AAdiieh T in IV F Avas 
more abnormal than T in IV R scAmn times, Avith the reverse holding true 
in the remaining three. 

ELECTROCARDIOGRAIMS IN AVHICH LEADS IV R AND IV F AVERE DISSIMILAR 

In fortA’- of the 807 records AAdiich Avere studied. Leads IV R and 
IV P differed significant^ from each other. These differences Avere 
noted in cases of myocardial infarction, in records shoAving a digitalis 
effect, and in a miscellaneous group. Tlie dissimilarities aao’II be dis- 
cussed under these headings. 


MYOCARDIAL INFARCTION 


Anterior Infarction . — In cases of anterior mjmcardial infarction, 209 
records on sixt}’'-five patients AAmre available. Leads IV R and IV F 
differed in 3.8 per cent (eight records). In seven out of eight records 
Lead IV F aatis more diagnostic; the difference Aims confined to an in- 
verted, dipliasic, or small T AAmAm in IV P, AA'itli a normal T in IV I?. 
The abnormal T in IV P appeared earlier and lasted longer. 

Posterior Infarction. — In cases of posterior myocardial infarction, 161 
electrocardiograms on fiftA^-one patients AA’ere analj'zcd. Leads IV R and 
IV P differed in 6 per cent (ten) of the records. Diagnostic abnormali- 
ties Avere found in Lead IV R in six cases and in Lead IV P in foiii 
eases. The abnormalities AA'ere confined to (a) diphasic T AA-aves: (b) 
abnoi’inal dcprc.ssion of the S-T junction; (c) a comliination of (a) and 
(b) ; and (d) iiiA’crsion of the T AA'aA'C. The dipliasic T AA’avc occuricd 


in six of the ten records. 

Miscellaneons Group.— This group includes thirty-one records on 
eight patients. Three patients Avere thought to have both anterior and 
posterior myocardial infarction, and three Averc thougiit to have infarc- 
tion of the lateral Avail of the left- ventricle (iiroved in one ca.se by post- 
mortem examination). The seventh and eighth ])a1icnls Averc tbougbl 
to luiA’c niA-ocardial infarction, but the infarcted area could not be loi.i - 
ized, and the diagnosis itself Avas not definitely established. Four dis- 
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similar records in two cases were noted; the abnormalities occurred in 
Lead IV F. In two of five records from a patient with combined an- 
terior and posterior myocardial infarction, Lead IV R was normal but 
Lead IV F showed abnormal depression of the S-T junction. In two of 
five records from a patient with questionable infarction the standard 
leads and Lead IV R were normal, but T in IV F was of abnormally 
low amplitude. 

DIGITALIS EFFECT 

A digitalis effect was noted in fifty-three records on thirty-nine pa- 
tients. In forty-eight of the fifty-three, changes of the S-T junction or 
the T wave were sufficiently alike in both leads to be considered similar, 
liut the changes were slightly more marked in Lead IV R in all forty- 
eight records. In the remaining five records (9.4 per cent) Lead IV F 
was normal, and Lead IV R alone indicated the effect of digitalis. 

MISCELLANEOUS GROUP 

Lead IV F Abnormal . — Of fourteen records on six patients with vari- 
ous types of disease, nine showed an abnormal Lead IV F but a normal 
IV R. The abnormalities were confined to the T wave, which was either 
diphasic (six instances), inverted (two instances), or isoelectric (one 
instance). The abnormal T wave appeared earlier in IV F than in IV R 
in a patient with bronchopneumonia, and lasted longer in a patient with 
pulmonary embolism. ' Abnormal changes were noted in three cases of 
angina pectoris, but the records were not exactly comparable because one 
patient had hypertension, another had normal blood pressure, and the 
third had had a Beck cardiac anastomosis two years before. 

Lead IV B Abnormal . — Of twelve records on four patients with vari- 
ous-types of disease, four showed an abnormal Lead IV R but a normal 
IV F. In one of several records taken on two patients with hypertension,- 
Lead IV F was normal, whereas in Lead IV R the S-T junction was 
depressed and the T wave inverted in one ease, and the T wave diphasic 
in the other. In a case of hemopericardium the expected elevation of 
the S-T junction was diagnostically more marked in Lead IV R. In a 
patient, aged 29 years, with a history of streptococcus infection of the 
throat seven years previously and subsequent paroxysmal tachycardia. 
Lead IV F was normal but T in IV R Avas markedly inverted. 

COMMENT 

Leads IV R and IV F differed significantly from each other in only a 
small percentage (5 per cent) of cases. These differences ivere not found 
consistently in any one lead in any given group of electrocardiograms, 
save in those shoAving a digitalis effect, in AAdiich records Lead IV R Avas 
distinctly superior. In the other groups the abnormalities Avere unevenly 
diAuded. 
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Lead IV F had a numerical superiority of twenty-four to sixteen in 
relation to the dissimilar electrocardiograms, but a superiority of only 
seventeen to fourteen in relation to the number of patients these records 
represented. There Avas agreement betAveen Lead IV R and IV F in fla 
per cent of the 807 records. Significant Amriations from normal Avere 
observed in Lead IV F and not in Lead IV R in an additional 3 per cent 
(tAA'enty'-four records), AA'hereas in 2 per cent (sixteen records) the .sig- 
nificant variations from normal Avere observed only in Lead IV R. 


SU^MMARY OF ALL RECORDS 

1. Eight hundred seven electrocardiograms, Avith the standard leads 
and Lead IV R and IV F, Averc analyzed AA’ith a a'Icaa' to eom])aring the 
tAA'o apical leads. 

2. Using the criteria described aboA'c, Leads IV R ajul IV F Avei-o 
found to be dissimilar (significantly different ) in forty recoi-ds (4.9 per 
cent). 

3. In the 767 records in AAdiich Leads IV R and IV F Avere similar, 
the P AvaAm, the QRS complex, and the T Avave Avere larger and more 
positive, on the A\diole, in Lead IV R than in Lead IV F, 

4. In anterior myocardial infarction A\n'tli dissimilar apical leads (3.8 
per cent). Lead IV F Avas diagno.stic earlier and longer (seven out of 
eight records). 

5. In posterior myocardial infarction Avith dis.similar apical leads (6 

* 

per cent). Lead IV R Avas the abnormal lead in six out of ten records. 

6. In one doubtful and one unusual type of myocardial infarction. 
Lead IV F Avas abnormal in all of four dissimilar recoixls. 

7. A digitalis effect Avas ahvays more marked in Lead IV R, and in 
five eases AA'as the only one of the tAvo apical leads to display it. 

8. In a miscellaneous gi-oup comprising thirteen dissimilar records. 
Lead IV F Avas the abnormal lead in nine records, and Lead IV R i” 
four records, 

9. In the great majority of all the dissimilar I'eeoi’ds the changes 
Avere confined to abnormalities of the T Avave. 

10. Of the forty dissimilar electrocardiogram.s, the ab?iormalitie.s 
Avere noted in Lead IV F in tAventy-four (3 per cent of total) and in 
Lead IV R in sixteen (2 per cent of total). In relation to the mimber 
of patients AA'ith dissimilar record.s. Lead IV F aa-rs abnormal in onl\ 
seA'enteen cases, and Lead IV R in fourteen eases. 


UO.VCT.USIONS 


1 . 


TJie use of both 


Leads IV R and 


IV F results in .slightly greater 


accuracy than the u.se of either lead alone. 

2. If only one a])ical lead is to be emi)loyed, either Leatl I\ R or Iask 
IV F may be used to the exclusion of the other AAithont aj)preeiable 
jArejudice to the best electrocardiographic diagnosis. 
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Corcoran, A. C., and Page, Irvine H.: Arterial Hsrpertension. Correlation of 

Clinical and Experimental Observations. J. A. A. 116: 690, 1941. 

Angiotonin, or renin plus activator, -n-hen injected into animals produces those 
effects which have been shown to characterize artei-ial hypertension in man; namely 
cardiac augmentation, arteriolar constriction, and constriction of the efferent 
arterioles of the kidneys. This suggests the possibility that angiotonin is involved 
in the pathogenesis of essential and malignant hypertension in man. 

The endocrine system, notably the adrenal cortex and hypophysis, appears to 
participate indirectly in that its secretions maintnin the blood ves.sels and liciirt in a 
state receptive to hypertensive stimuli. The nervous system may play a similar part, 
especially in some types of hypertension in man in which the high state of nervous 
organization may even make it a prepotent factor. 

The clinical picture and course of each case of hypertension is therefore probablj 
a composite of the degree and kind of renal, endocrine, and nervous participation. 

AUTIIOU-S. 


Christian, Henry A.: Earlier Diagnosis of Subacute Streptococcus Viridans Endo- 
carditis. J. A. hi. A. 116; 1048, 1941. 

Since patients with subacute Streptococcus viritlans endocarditis so often come 
to the hospital without a diagnosis or with a wrong diagnosis,^ it is apparent t in 
relatively few practitioners are aware of the usual early clinical picture o us 

The chief early symptoms in the 150 patients I liavc examined 
toxemia. They were complaints indicative of (a) malaise and fever in 
of cases at onset and 71.3 per cent at onset and in the f j,;!,;, 

(b) joint or muscle pains in 42 per cent at or near onset; and (c) mni.e.i. 
of appetite in 16 per cent at onset and in the early days of the i isoaso. 

If these symptoms appear in a patient known or found to have 
valvular or congenital disease of the heart and persist for more , 

;4hout the development of evidence of other definite disease, the prohnh.l.ti 

bacterial endocarditis is great. positive, a 

If in these patients embolic phenomena appear or .i blood culti . t 

definite diagnosis of bacterial endocarditis should be made. ,,r« nii- 

if , 1,0 refold t« in citl.nn nt ll.c f.rocoinB .»o ,.nr»Cn.|.ln 

propriate chcmothcr.apy should bo begun at once. Atttiioi:. 


Brown, Clnrk E., nna Eicktor, Ina M.: Modlal Coronary Sdororis In Inf.ancy. 

Arch. Path. 31; 449, 1041. 

A case of coronary calcification in infancy is 
eases abstracted from the literature. Tins type of vase i .. - h I 

arterial calcification, the chief site of winch appear.^ to be the 
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Coexistent intimal proliferations are noted frequentl 3 '. These may result at times 
in occlusion. The cause of the lesion is in doubt, although some alteration in the 
calcium and phosphorus metabolism is suspected. 

Authors. 

Meiks, L. T.; The Influence of Tonsillectomy on the Progress of Eheumatic Heart 

Disease. J. Indiana M. A. 33: 666, 1940. 

The present studj' is based on 200 patients who present definite evidence of 
rheumatic heart disease. Of this group of 200 cases thirty-one had had tonsillectomies 
before the development of any manifestation of rheumatic fever. In the remaining 
169 patients admitted to the hospital after development of definite rheumatic heart 
disease, tonsillectomies were done eventually on seventy-nine. Of these seventy-nine 
patients operated upon, there were twenty-eight in whom there were valid indica- 
tions. In twenty-three patients tonsillectomies were done upon questionable indica- 
tions. In twenty-eight patients tonsillectomies were done only because of the 
presence of rheumatic heart disease. The author traces statistically the course 
of these 79 patients. He offers the following conclusions. 

The removal of tonsils and adenoids usually does not modify the course of 
rheumatic heart disease, and the presence of this condition is not of itself an 
indication for their removal. 

In the presence of definite local indication for tonsillectomy and adenoidectomj' in 
a patient with rheumatic heart disease, it is proper that the operation be done. 

The operation, as a rule, should not be done in the presence of Signs of activity 
of the rheumatic infection. 

There is occasionally an immediate recrudescence of rheumatic activity' after 
tonsillectomy and adenoidectomy. 

Author. 

Hedley, O. F.: Bhemnatic Heart Disease in Philadelphia Hospitals. IV. In- 
fluence of Season and Certain Meteorological Conditions. Pub. Health Eep. 

55: 1809, 1940. 

A review of the literature indicates that in Great Britain rheumatic fever and 
chorea occur with greatest frequency in the fall and during December and least often 
in the spring and early summer. The experience of most American writers suggests 
that in this country these conditions are most common during the late summer and 
fall. 

In agreement with this consensus this study indicates that in Philadelphia admis- 
sions involving rheumatic fever and chorea are most frequent in the spring and least 
frequent in the fall. The greatest number of admissions involving rheumatic fever 
was in April, the fewest in October. The peak of admissions involving chorea 
occurred in Maj'; the smallest number in November. 

Despite the fact that admissions involving rheumatic fever occurred with greatest 
frequency during the first six months of the year, especially the spring, and least 
often during the fall, considerable variations were noted from year to year. In a 
studj' of only five j'ears’ duration, the greatest number of admissions occurred 
twice during April, twice during May, and once during June. 

Seasonal variations of chorea were not as great as of rheumatic fever. The 
seasonal distribution of these conditions was only roughly comparable. There was 
apparently no relationship between the number of patients for these diseases. 

Admissions involving these conditions did not occur with greatest frequency 
during the coldest months or with least frequency during the warmest months. After 
allowing for the possibility that several weeks had elapsed between onset and ad- 
mission to hospital, it is doubtful whether the onset of the greatest number of cases 
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of rheumatic fever and chorea coincides with the coldest time of the year. These 
diseases are apparently no more common during years with low moan temperature-; 
or following severely cold winters. Prolonged cold of winter, rather than severe 
cold or the onset of cold weather, seems more likely to be re.sponsible for tlie increased 
frequencj' of rheumatic fever and chorea during the spring. It is dit1ie.ult to 
dissociate the role of prolonged cold from lack of suiushine. 

Iso relationship was indicated between the amount of precijiitation and the num- 
ber of patients with rheumatic fever and Sydenham's chorea. 

Although admission of patients with rheumatic heart disease is more coiumon 
during the spring and least frequent during the fall, seasonal variations are not ns 
great as for rheumatic fever and chorea. 

Seasonal variations of deaths from rheumatic heart disease are not as great ns 
admissions involving rheumatic fever, chorea, or rlieumatic heart disea.se but are 
somewhat greater than for deaths from all heart disease and deaths from all causes. 

The seasonal distribution of the admission of patients with rheumatic conditions 
and of deaths from rlieumatic Iieart disease is dissimilar in many respects to the dis- 
tribution of deaths from acute coronary occlusion. 

In contradistinction to strictly rheumatic conditions, practically no seasonal varia- 
tions were noted in admissions or deaths from subacute bacterial endocarditis regard- 
less of its relationship to rheumatic heart disease. 

Author. 


Hedley, O. F.: Rheumatic Heart Disease in Philadelphia Hospitals. V, Distribu- 
tion hy Locality of Rheumatic Conditions in Philadelphia. Pub. Health Pep. 
55: 1845, 1940. 


A review of the literature indicates a considerable lack of agreement concerning 
the roles of proximity to watercourses and dampness due to low altitude in the 
causation of rheumatic fever and chorea. The consensus of most investigations 
suggests that these diseases arc distinctly more prevalent in areas occupied by the 
underprivileged than tlie better-to-do. 

Rheumatic fever, Sydenham’s chorea, and nonfatal and fatal rheumatic heart 
disease among hospital patients in Philadelphia tended to occur with greatest fre- 
quency in the sections of the city occupied to a large extent by the poor. This 
relationship w.as not, however, invariable. Some of the city wards in whicli the 
rentals were the lowest and the density of population the greatest did not have 
the greatest number of hospital admissions or dcatlis per 100,000 population. A low 
rate of admissions and deaths was noted in every city ward inhabited for the most 
part by persons living under reasonably f.avorable economic circumstances. This is 
doubtless due in no small measure to the fact that persons in the better-to-do 
economic brackets do not regularly seek admission to hospitals for the treatment of 
medical conditions. It is difficult to e.scape the impression tliat the conditions under 
study occur with the greatest frequency in .sections of the city occuined by poverty- 
stricken persons. 

These diseases tended to occur with greatest frequemw in the eastern half of > outli 


Philadelphia and in a section of the midcity near the Delaware River. 

These studies do not suggest that proximity to a watercourse is 
factor. The distribution of low rentals corresponded more closely to 


an important 
the Delaware 


River water front than the distribution of rheumatic fever and chorea. 

Relatively low rates of admissions and deaths in hospitals from these diseases 
were indie.-i’ted in a number of city wards ocempied largely by colored persons. 

The distribution of Sydenham's chorea is roughly comparable to rheumatic fever, 
e.xeept that a somewhat more general distribution is indicated. It is even le.-.- 
cornmon than rheumatic fever in city wards largely occupied by negroes. 
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A more general distribution was indicated in mortalitj' from rheumatic heart dis- 
ease in hospitals than of admissions for rheumatic fever, Sydenham’s chorea, and 
rheumatic heart disease. This suggests that the more acute or fulminating forms 
of rheumatic infection occur with relatively greater frequency among the extremely 
poor. Aw analogy is noted between tuberculosis and rheumatic infection. 

Author. 

Hines, Edgar A., Jr., and Lander, Howard H.: Factors Contributing to the De- 
velopment of Hypertension in Patients Suffering From Renal Disease. J. A. 

M. A. 116: 1050, 1941. 

The results of this study show that in a series of 264 patients who had various 
types of urologic diseases, those patients who had a high normal blood pressure on 
their visit were four to five times as likely to have hypertension subsequently as were 
those who had a low normal blood pressure, regardless of the type or extent of the 
urologic or renal lesion and regardless of whether the onset of S3’mptoms of the 
disease of the urinarj' tract occurred before or after the original blood pressure 
reading. In respect to the correlation between the original blood pressure and the 
subsequent development of hj-pertension, there was little difference between the 
series of patients suffering from urologic disease and a control series of persons 
who had no renal or urologic disease. Furthermore, as far as could be determined 
on the basis of a study of the family histories of our patients, heredity plan's 
a similar role in the development of hypertension associated with renal disease and, 
in manj' instances, of essential hypertension. We do not interpret our data as 
constituting a denial that renal disease maj- have been a contributing factor to 
the development of hypertension in some of our patients. However, these data do 
seem to cast some doubt on the importance of renal disease in producing hypertension 
in the series as a whole and call attention to the importance of exercising caution 
in attributing a role of primary importance to a renal lesion simply because it is 
found in a patient who has hypertension. This study demonstrates that factors 
concerning the control of blood pressure which are inherent in each person maj’ 
be of similar importance in the development of hj'pertension when there is an asso- 
ciated renal disease as in the development of hypertension when no renal disease is 
present. The presence or absence of these inherent factors niaj’’ explain wh}"- hyper- 
tension develops in some patients who have a certain type of renal disease, whereas 
in other patients who have a similar type and extent of renal disease, hj’pertension 
does not develop. 

Authors. 

V 

Holman, Emile: Clinical and Experimental Observations on Arteriovenous 

Fistulae. Ann. Surg. 112: 840, 1940. 

In the first 24 to 48 hours after the establishment of a large arteriovenous 
fistula, the heart diminishes in size, and is follow’ed, if the animal survives, bj' a 
prompt return to normal, and, subsequentlj’, bj”^ a gradual dilatation which maj’ 
be apparent within 4 to 5 days. 

Death due to an excessive diversion of blood through the fistula maj- occur, accom- 
panied bj' a marked diminution in cardiac si-ze. 

The dilatation that accompanies an arteriovenous fistula is not restricted to the 
heart but affects the vessels involved in the fistulous circuit. The same cause is 
responsible for both dilatations, an increase in the volume or bulk of blood flowing 
through that part of the circulatory system through which the blood short-circuited 
by the fistula must flow; namely, all the chambers of the heart, the proximal arterj’, 
the fistula, and the proximal vein. 
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In tlio growing animal tlio dilatation and enlargement may be very great without 
evidence of decompensation and may be accompanied by pronounced hypertrophy. 
It is suggested that when dilatation outstrips hypertrophy, decompensation occurs; 
when dilatation is paralleled by a commensurate hypertrophy, great enlargement 
and dilatation of the heart may occur without decompensation. 

In a crucial experiment involving three litter mates of equal weight and stature, 
one acting ns control, one having an aorta vena cava fistula 12 mm. in circumference, 
and one having an aorta vena cava fistula IS mm. in circumference, there occurred 
an increase in blood volume commensurate with the size of the fistula. 

In the same animals an increase in the capacity of the circulatory system oc- 
curred also commensurate with the size of the fistula. The increase in capacity and 
the increase in blood volume closely paralleled each other. 

In an animal with bilateral femoral fistulae the increase in blood pressure and 
reduction in imlse rate were greatest when both fistulae were closed simultaneously 
and considerably less when either fistula was closed separately. Tlic physiologic 
efTeet of a fistula, therefore, cle.arly depends upon the volume of blood diverted 
through the fistula and, consequently, upon its size. 

The transient high systolic and diastolic pressures that persist for several days 
following operative closure of a fistula arc due to the increase in blood volume that 
has occurred during the existence of the fistula. The permanent elevation of diastolic 
j)ressurc is secondary to the elimination of an area of decreased peripheral resistance. 

In animals having bilateral femoral fistulae, vena-cav.al pressures wore highest with 
both fistulae open, least with both fi.otulae clo.ced, and intermediate pressures were 
obtained on closing one or the other fistula separately. Venous pressures proximal 
to a fistula are determined by the volume of blood diverted through the fistula and, 
therefore, by the size of the fistula. 

Attiior. 


Bigger, I. A.; The Surgical Treatment of Aneurysm of the Abdominal Aorta. 

Ann. Surg. 112: 870, 1910. 

An attempt has been made to collect the cases of aneurysm of the abdominal 
aorta and common iliac arteries treated by operations (excluding wiring) uj)nn the 
aorta. The various .surgical procedures whidi may be ajiplieable to these aneurysms 
(ex<duding wiring) arc di.«cussed. 

Two new cases are reported: 

One patient, a poor surgical ri.^h, develoju'd left -sided Jie.art failure with juilmonary 
I'dema :ind died following occlusion of the aorta proximal to the aneurysm. 

A young man with a ruptured traumatic aneurysm had a preliminary occlusion 
of the aorta jiroximal to the aneurysm and one month later a restorative endo- 
:ineurysmorrhaphy. lYhen examined one year after the endoaneurysmorrhaphy. the 
patient :ijipeared to be well; there was no evidence of aneurysm, and the lumen of the 
:iorta was obviously patent. 

We rc:dize that tliere i.c :i nuirked ditrercncc between trtiumatic and spontajieous 
jiueuryMus ;ind t!mt the methods of treatment tised in one may not be applic.'ible in 
tlo' other. For e.\amp1e, it is unlikely that one would find a sjiontaneous aortic 
:’.ii"!iry«m suitable for the type of operation, reconstructive endoiineurysmorrhajdiy, 
ti'-c.l in our s<‘i-oiiil c;is-% Put it .•.-eems likely that a snmll numlxT of spont.aneous 
au'-ut'. ^nis vill In- foniiil suitable for r»bliter:itive endoanetiry.‘'morrha;)liy. .‘'’iich 
operation^ protctbly should not be ;»ttemj»ted unless the atu'ury.-.m arises distal to 
the retail !irteri>> titid, nlmoit certainly, shntild not be attempted when the aorta is 
ditTn-'ly cah-ified. Proximal oecliision of the tiorta should be undertaken tis a j>rc- 
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liminary operation. This brings about shrinkage of the sac so that at the second 
operation either the aorta or tlie common iliac arteries may be ligated immediately 
distal to the aneurj'sm. 

If the iliac arteries are permanently occluded, care should be taken to see that 
the ligatures are placed on the common iliacs, not the external iliacs, and the internal 
iliacs (hypogastrics) should be carefullj’’ protected because of their great importance 
as collateral channels. 

Also, all vessels communicating with the sac should be ligated insofar as possible 
before the sac is opened. Only by the emplo}’nient of meticulous preliminarj- prepara- 
tion can one hope for success in such eases. 

Aneurysms of the proximal portion of the abdominal aorta which have such 
essential arteries as the celiac, superior mesenteric, or both renals arising from the 
sac, probably should not be treated surgically, while in those aneurysms arising above 
the renal arteries but without any of tb.^ essential arteries originating from the sac 
proximal ligation maj’- be justifiable. 

Author. 


Elkin, Daniel C.; Aneurysm of the Abdominal Aorta. Ann. Surg. 112: 895, 1940. 

This report is concerned primarilj’' with the effects of ligation of the abdominal 
aorta and consideration of those cases in which this procedure has been carried 
out. Therefore, the treatment of aortic aneuiysm by other methods has not been 
considered. In only six patients upon whom ligation has been performed may the 
procedure be considered in any degree successful. Other means of treating an 
aneurysm of this vessel should be considered, but it is improbable that Wiring, 
coagulation, or the application of the Matas principle of endoaneurj^smorrhaphy could 
be carried out with any great hope of success. The effect upon the heart and circula- 
tion should be further studied, and methods of producing occlusion by other means 
than ligation must be developed before the operation can be successfully performed 
in the majority of cases. 

Author. 

Pearse, Herman E.: Experimental Studies on the Gradual Occlu.sion of Large 
Arteries. Ann. Surg. 112: 923, 1940. 

Closure of the aorta both by intravascular thrombosis and by extravascular 
irritation has been demonstrated. It remains to perfect the methods by which 
this is done, for they can, in all probability, be improved. 

Author. 

Gage, Mims, and Ochsner, Alton: The Prevention of Ischemic Gangrene Follow- 
ing Surgical Operations Upon the Major Peripheral Arteries by Chemical 
Section of the Cervicodorsal and Lumbar Sympathetics. Ann. Surg. 112: 938 
1940. 

We have employed the physiologic method, i.e., sympathetic block, of increasing 
the collateral circulation as a preliminary procedure to the ligation of major 
peripheral arteries in ten cases. In all but two of these cases, the collateral circula- 
tion was found to be inadequate by the Matas compressor test. In the other two 
cases, one of which was an aneurysm of the common iliac and the other a stab wound 
of the common femoral, the test could not be applied. Of these ten cases, one was 
a mycotic aneurysm of the right common iliac artery. Following sympathetic block 
and ligation of the common iliac at its origin, there was no change in color and no 
decrease in temperature of the corresponding extremitj’. There were two cases of 
arterial aneurysm of the femoral artery and three cases of popliteal aneurysm which 
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v.f’n- curfii liy oRlitorativo endoiinourysniorrliapUy. Throe of the eases eousisted 
of arteriovenous tineiirysin, two of wlueh were femoral and one of which Was 
jiopliteal. Tliese are treated by quadruple ligiition. There was one etise of stab 
wound of the eonitnon femoral whieh required li<r!ition. In none of these eases of 
boat inn tif the major ])eri])heral arteries treated by preliminary sympathetic blneh 
was there any evidenee of isehemiti or defieieney of the ])eripheral circulation. 

We have also used sympathetic block in four cases of embolus of the femoral 
artery. In one ctise the embolus was removed after sympathetic, block. The other 
tiiree cases were not operated upon. In all these eases the classic clinical manifesta- 
tions of arteriiil embolism were present. Following novocain block of the lumbar 
sympathetic ttt'Oftb!'- tuol chain on the afl'ected side, there was a loss of numbness 
!ind a return to normal of color and temperature of the extremity. In peripheral 
iirterial embolism there is not only hit;h incidence of ischemic "anjjrene, but also a 
liiftli mortality, the canp;reue incrcasiuji the mortality. Therefore, we helieve that 
sympathetic block will not ouly materially decrease tbc incidence of ischemic 
Rauftrene but will also lower the immediate mortality. 

Autiious. 

Heinbecker, Peter: A Role for Surgeons in the Problem of Essential Hyperten- 

jjion. Ann. Rurg. 112: lini, 1040. 

Essential hypertension results when there is narrowing of peripheral nrteriole.s 
with a maintained cardiac output. The vascular narrowing, presnmahly, is elTocted 
hy a renal jwessnr substance released during a .'itate of renal asidiyxia. 

It is believed that the initiation of the renal arteriolar narrowing necessary to 
bring aliout the renal asphyxia may be effected by nervous or Immoral intluenccs. 

llegardless of the manner of its initiation, the process enn become self- 
perpetuating. Neither nervous nor endocrine inffnences need, thereafter, ])lay an 
essential role. 

It is regarded as highly jirohahlc that hypertension occurs particulurly in })ersons 
wimse blood vessels are so constituted that they respond hyperdynamically to vaso- 
pressor influences. If sm-h juessor inffnences are present in abnormal amounts, 
even normal renal blood vessels may constrict sufficiently to initiate renal ischemia. 

Experimental ajid clinical evidence is cited to show that continued functional 
narrowing of blood vessels leads to occlusive narrowing. The degenerative changes 
vharactcristic of the occlusive disease are presiumed to follow interference with the 
function of the vasa vasorum. 

Splanchnic section may be exju'cted to relieve renal ischemia initiated by vaso- 
constrictor intluenccs if the venal ischemia bus not become self-jmrpefuating. 

Evidence that ejunephrine lowers the threshold for excitatory influences on the 
nervous system timl increases the magnitude of the cortical response to identical 
peripheral stinsuli is ])rcsented. 

The .--ymptomatic ndief afforded by sjdanclmic section, in cases where there is no 
dr<ip in blood pressure, is considered due to adrenal denervation. 

Exjieriiiiental evidence that u substance jirodneed us a consequence of renal 
i.'^ciiemia may incncise in certain animals the tone of the smooth miiselo of the 
iris and nictitsiting membrane is reported. Under such circumstances the effect 
of I'Xogfaiius epinephrine on these slnictures is al.so enhanced. 

Typif.-il case reimnks showing the effect of sphinclinic section at various .stages of 
hypertensive ili.se.'ise are pn>(>nled. 

.V role for the surgeon in the solution of the problem of (■.ssential hypertension is 
to determine (lo. luimber and types of eases in which nervous inibienccs set into 
aetivity the t!'.e>-Iiani'rii by which hypertension is initialed. This can be done only 
if e;;>ies ate treated in their initial stajre. 


.Vt.TJroi:. 



Book Review 


flYPERTENSiON AND NEPHRITIS: By Arthur M. Fishberg, M.D., Associate in Medi- 
cine, Mt. Sinai Hospital, Neiv York, Ed. 4, 1940, Lea and Febiger, Philadelpliia, 
779 pages, 41 illustrations, $7.50. 

During the rather short period which has elapsed since the appearance of the 
previous edition of Dr. Fishberg ’s book, a verj- large volume of new knowledge has 
been added to the subject of lij’pertension. Since this new knowdedge is critically 
surveyed in the new edition, it is praeticallj- a new book. The subject is surveyed 
in its broadest aspects, and is discussed fullj' from the viewpoint of vascular 
function. Comprehensive and up-to-date discussions of chemical, phj'siologic, and 
pathologic aspects of hypertension are included. The rapidly growing and exten- 
sive literature dealing with recent experimental work is critically examined and 
admirably summarized. However, the purelj- practical phases of hypertension and 
nephritis are not neglected, but are maintained at the previous standard of excel- 
lence, as presented in the earlier editions. 

Most books on clinical medicine tend to deal witli the subject under discussion 
either from the standpoint of disease entities, or from the standpoint of symptoms. 
Dr. Fishberg uses both approaches. Beginning with a consideration of renal func- 
tion, various manifestations of renal disease, such as uremia, edema, and albu- 
minuria, are considered in painstaking detail. The several types of nephritis are 
then discussed in an unusually clear manner. Tlie last portion of the book deals 
with hypertension, which is approaclied from all different points of view. 

The more recent developments in these several fields have been thoroughly sifted 
by the author, and he has included references to most of the new work, as well 
as careful, critical summaries of the significance of such work. This difficult task 
in a field which is changing so rapidly lias been performed in excellent fashion. 
Certainly no book in the English language can compare with this one in the field 
of hypertension and nephritis. Practicing pliysicians, medical students, and in- 
vestigators will all join in hoping that Dr. Fishberg will continue to present from 
time to time new editions of his book, which is now generally accepted as a medical 
classic. 

Tinslev E. Harrison. 
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STUDIES ON CONGESTIVE HEART FAILURE 

I. The Importaisce of Restriction op Salt as Compared to Water 

Henry A. Schroeder, M.D. 

New York, N. Y. 

T here is fairly general agreement as to the importance of restricting 
fluids in the treatment of congestive heart failure, but in the matter 
of the restriction of sodium chloride, and to what extent it should be 
restricted, there is difference of opinion. Some textbooks^ advocate rigid 
restriction of fluids. Osborne and Pishbein, and others,^ advise restric- 
tion of both fluids and salt, although little investigation has been done 
to substantiate this advice. Various “cardiac diets” in general use are 
relatively poor in salt, and the limitation of fluids is ividely practiced 
in the treatment of heart failure when edema is present. Although in 
normal man there may be an excess of tissue fluid after the ingestion 
of a large amount of salt, but not of water,® it is uncertain whether salt, 
fluids, or both, are necessary factors in the occurrence or prevention of 
the edema of heart failure. An attempt has been made, therefore, to 
learn the importance of each of these substances. 

Twent3^-three patieats were selected for studj', and an attempt was made to 
find the most obstinate cases of congestive heart failure. Patients were given 
weighed diets, in which the content of sodium chloride (calculated from Sher- 
man’s tables^) the caloric value, the protein content, and the intake of fluid were 
constant for definite periods.* The amount of activity to which the patient had 
been accustomed prior to studj' was not changed, so that spontaneous diuresis as 
a result of rest might be avoided. Digitalis was given when anricnlar fibrillation 
with a rapid ventricular rate was present, or when the patient had previouslj' 

Prom the Hospital of the Rockefeller Institute for Medical Research, New York. 
Read before the American Heart Association, May 13, 1939, St. Louis, Mo, 

Received for publication Oct 21, 1940. 

®Tlie value of the diets used was usually 2,000 calories (in order to prevent change 
m weight from loss of body substance), although occasionally 1,500 calories were 
given. The protein content was as higli as was consistent with the amount of salt i e., 
10-80 Gm. in a diet containing 1.0 Gm. of RaCl, or 35-40 Gm. in one containing 0.5 
Gm. The amount of water in the food was calculated, and was found to varv hut 
little : it was not included in the total intake of fluids shown in the charts. Dnless 
previously under prolonged observation, the patients were usually observed in the hos- 
pital for two weeks on a standard regime, without changes being made, before they 
were studied. 
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ln'cn taking it. Diuretic drugs were administered only when the condition of 
the patient necessitated tlieir use. The output of cliloride in the urine was meas- 
ured daily (Voihard-Arnold method). 

7'hc Acfiou of Sodium Chloride— li wis observed in all ea.scs Hint a 
rediietion in the timount of inge.sled salt Avas followed by a ]os.s in wciglit 
and in edema fluid (Table I). Often diuresis and loss of -weight began 
immediately when the intake of sodium chloride was reduced from 2.0 
Om. in tAventy-four liours to 1.0 Gm.® In obstinate, cases in which the 
edema was of long standing, it was always po.ssible to prevent the ac- 
cumulation of fluid by restriction of salt, although occasionally this 
ncee.ssitated a diet containing as little as 0.5 Gm. in twenty-four hours. 



Fip, 1, — Cnse S. B. H.. iipod C.A, .suffered from hoiirt failure for three year.s after !in 
.attack of coronary oeclu.sion. Tlicrc wa.s an cnonnou.s .ascites; paraccntcsi.s had to i)e 
done twenty-nine times. Dipitali.s. mercurial diuretics, ammonium chloride, and varifuis 
otfier measures li.ad been of no .av.ail. Auricular fibrillation, with a slow ventricular 
rate, w.as present. Tlicre was edem.t in dependent ti.ssues. At “Par," 15 liters were re- 
moved from tlie abdomen. Kollowlnp this, on an intake of ,1.0 C5m. of NaCl, he pained 
•171 Om. a day; on 2.0 Gm., 3SG Gm. a day; on 1.0 Gm., ll'i Gm. a day; on 0.5 Oni , 
20 Gm. .-i day. Thirteen liters were then removed from the abdomen, and his wclphi 
rem.'iined constant for six weeks. He became free of cdcm.'i after various diuridlcs 
liad been piven ; his body woiplit was 60 kp. Edema could then be controlled by a diet 
contalnlnp 1.0 Gm. of N'aCl. Edema recurred slowly .after dlsclinrpe from the hospital. 
The diet contained 0.5 Gm. XaCl. to which extra salt was added durinp the first tliree 
weeks. He was .ambulatory durinp tlie period of observation. 


The Jiddition of a small amount of .salt to the diet (3.0 Gm, to 2.0 Gm.) 
was followed, on the other liand, by an immediate gain in ivcight. By 
changing the quantity of .salt in the diet, without varying the food, the 
intake of fluitls. or the patient 's activity, the weight and the amount ol 


*Th- amoim* of so.lium chloiide in Oie diet w.as calculated exactly, accordlnp to 
the table.s of Slierman. It is probable th.at food.s obtiiined from different soiirce.s and 
loc-alitje.a nety var.v in their content of sodium chlorl'le. .and tliat tliese fipures may not 
he acaairate. ' I'ood.s «-ere, therefore, obtained from the .same source.s ln.«ofar n.s pos- 
i'ilile. :ind tiie.*!.- nniount.s of sodium chloride are probably constant. When patlent.s 
refuse,! part of tlieir diet it was subsequently piven to them in otlier forms, in order 
tliat Use total Intake per day .sliould remain con.itant. 
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edema could be controlled at will. That a reduction in the intake of salt 
will result in lessening of the accumulation of edema in obstinate case.s 
of congestive heart failure can be demonstrated (Fig. 1). 

The Action of FUiids.~ll was found that the intake of fluids had 
little relation to the accumulation or disappearance of edema when the 
intake of salt was low enough. Weight was gained more rapidly in an. 
occasional case when salt was not severely restricted and the intake of 
fluids forced (Fig. 2B), but, on the administration of a minimal amount 
of sodium chloride, weight was lost and edema disappeared as rapidly on 
a regime of restriction of fluids as on one in which water was freely given 
(Table II). There was, in fact, no effect on varying the intake of fluids 
even in cases of severe chronic congestive heart failure (Fig. 2, A and 
B). In only two cases was a sudden increase in the intake of fluids fol- 
lowed by a gain in weight and failure of the output of urine to increase. 


H.K.g.'iSvrs. 

•^tWeeks 1-2 3 4 5 6 

46| , , , [ [ p 



Pig-. 2. — A, Case 16. H. M., a woman aged 45, had suffered from chronic conges- 
tive heart failure for six years ; her first attack of cardiac failure occurred after she 
was 34. She had acute rheumatic fever at 18. Por four years she had been bed- 
ridden because of continuous edema, ascites, and hydrothorax. Mercurial diuretics, 
squills, and digitalis had not controlled her heart failure, and she had rarely been free 
of edema. There were signs of involvement of the mitral, tricuspid, and aortic valves, 
and auricular fibrillation, requiring the use of digitalis, was present. She was given 
a diet containing 1.0 Gm. of NaCl, to which extra salt was added as needed.* On 
an intake of 2.0 Gm., in spite of tlie removal of 1.5 liters of fluid from her chest there 
was a slight gain in W'eight. On 1.0 Gm. there wms an immediate loss, which continued. 
WTien the fluid intake was increased from 1500 ac. a day to 2500, slight diuresis oc- 
curred. It was then increased to 3000. She was free of edema, but there remained 
a moderate amount of fluid in the chest. Reduction of the intake of fluid to 800 c.c. 
a day resulted in no further loss of weight. 

‘The rather high excretion of chlorides during the first four days probably repre- 
sents ammonium chloride which the patient had been taking. 


Both patients exhibited marked diminution of renal function. But in 
every other case Avithout organic renal disease, under tliese conditions 
the amount of water ingested did not affect the course of the illness (Fig. 
3), with the exeeptioji of a few instances in which its limitation appeared 
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sometimes to result in an advei-se change in the weight curve (Cases 16 
17, 18, 19). 

The Choice of a Diet . — In most instances 1.0 Gm. of sodium chloride 
in the diet was found to be low enough to prevent edema, but in a few 
cases, in whicli the heart failure was of long duration and the edema 
continuous, it wms necessary to reduce the intake of salt to 0.5 Gm. per 
day. By measuring the excretion of chlorides in the urine it Avas pos- 
sible to estimate the degree of restriction of sodium chloride Avhich ivoiild 
be necessary for an effect, and a diet containing less than the amount 
excreted was used. Patients for whom 1.0 Gm. of salt per day was too 
much were sometimes able to tolerate that amount when compensation 
had been restored on a smaller intake (of salt). 

A diet containing 0.5 Gm. of sodium chloride per day is inadequate 
in its protein content and cannot be given for a long period of time. A 
diet in Avhich the salt content is 1.0 Gm. is adequate except for vitamins, 
and these should be added. Samples of the diets employed are shown 
(Table III). 

45yrs. (Continued) 

7 weeks 8 __9 M 1 1 12 13 



Pig’. 2. — B, Same patient, continued. The intake of fluids ■was suddenly increased 
from 800 c.c. to 3000 c.c. a day without change in body weight. However, wljen 3.0 Gm. 
of Nad WB.S added to the diet a slo'U’’ gain in ■weight resulted ; this was accompanied 
by dyspnea, discomfort, and recurrence of edema. Reduction in the intake of fluids 
to 800 c.c. a day was immediate^' followed bs'" a slight loss of weight for one daj% 
but the gain continued, although more slowly. nOjen the extra salt was removed 
from the diet the weight again became constant, and, when the intake of fluids was 
increased to 3000 c.c. a daj', a slight loss resulted. This patient remained free of 
edema for five months under observation in the hospital, and for four months at 
home. She was unable to keep to her diet for three weeks, took considerable extra 
salt, and immediately suffered a recurrence of congestive heart failure and died. At 
autopsi% marked rheumatic involvement of the mitral, tricuspid, and aortic valves was 
found. The patient was in bed during the period of observation. 

Disturbances Associated With a- High Intake of Fluids . — In ttvo cases, 
already mentioned, in which there wms a diminution of renal function, 
■with retention of nitrogen in the blood and severe disease of the livex’, 
the rapid increase in the intake of fluids was accompanied by no increase 
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in tlie output of urine for several days. These patients complained of 
weakness, prostration, muscular cramps, and drowsiness, and gained 
weight rapidly. The chlorides of the plasma in one case were found to 
be markedly diminished; in the other no measurements were made. 
When the intake of fluids was subsequently reduced, diuresis occurred 
and weight was lost. It was believed that these sjunptoms represented 
“water intoxication,” that is, dilution of electrolytes caused by failure 
to excrete ingested water. When renal function was normal a rapid 
increase in the intake of fluids was accompanied by an increase in the 
output of urine. Patients who ivere suffering from attaelis of paroxysmal 
dyspnea or pulmonary edema did not have an increase in the number of 
attacks when the intake of fluids was high. 


Kg. 

n 

72 

70 

68 

>6 

62 

60 

56 

56 


E.K.,c7, 64yrs. 



Pig. 3. — Case 18. E. K., a man, aged 64, had suffered from chronic congestive 
heart failure for fifteen years, and had been continually edematous for six years 
while under observation ; he required 4 to 6 c.c, of meroupurin or salyrgan every two 
to three weeks. There were marked edema in dependent tissues and moderate ascites. 
He was given a diet containing 1.0 Gm. of NaCl, to which extra salt was added. 
On 4.0 Gm. of NaCI and 2000 c.c. of fluid a day, his gain in weight was rapid, and it 
continued, although less rapidly, when the intake of fluids was 600 c.c. a day. Even 
after reducing the amount' of NaCl to 1.0 Gm., there was a slight gain, but an 
increase in the intake -of fluids to 2000 c.c. a day resulted in no further change. 
Because of discomfort, 3.0 c.c. of mercupurin (half his usual dose) were given intra- 
venously, and this initiated diuresis. This did not appear to be Influenced by the 
amount of fluids ingested, but continued at the same rate wliether 3000 c.c. or 800 
c.c. a day were given. The sudden increase again from 800 c.c. to 2000 c.c. a day 
resulted in no change in weight. The patient subsequently died of cerebral hemor- 
rhage. He was ambulatory during the period of observation. 


DISCUSSION 

Water may act as a diuretic, and salt and water as an antidiuretie. 
Peters® describes the mechanism in these words: “Presumably, when 
water alone is given, the concentration of water in the serum is increased, 
and that of salt diminished to such an extent that the kidneys are stimu- 
lated to excrete more than the usual amount of water. . . . The adminis- 
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Table III 


Sample Diet Containing 2,000 Calories and O.o Cm. NaCl 



FOOD 

PROTEIN 

Nad 

CALORIES 


(grams) 

(grams) 

(iHg.) 


Breakfast 





Bread 

45 

4.2 

34 

116 

Butter 

12 

0.1 

2 

87 

Jelly 

20 

0,1 

7 

48 

Cream 

40 

0.9 

31 

153 

Sugar 

12 

— 



48 

Canned apricots 

50 

0.5 

49 

37 

Cream of wheat 

120 

1,3 

2 

44 

Dinner 





Steak (sirloin) 

45 

9.9 

107 

52 

1 

jEice 

25 

2.0 

16 

88 

1 

[Butter 

10 

0.1 

2 

73 

1 

[Fresh string beans 

75 

1.8 

35 

32 

i 

[Butter 

5 

0.1 

1 

37 


fApple, raw fsaucel 

100 

0.4 

28 

63 


Sugar 

10 



40 


[Whipped cream 

20 

0.4 

15 

76 


(Lemon juice 

20 


3 

8 


[Lactose (drink) 

40 

— 

— 

160 

Supper 






(Bread 

45 

4.2 

34 

116 


[Butter 

12 

0.1 

2 

87 


Jelly 

20 

0.1 

7 

48 


[Steamed Irish potato 

90 

1.8 

50 

77 


[Butter 

10 

0.1 

2 

73 


■ Lettuce 

20- 

0.2 

10 

3 


Pot cheese 

25 

5,2 


28 


Fresh tomato 

50 

0.5 

16 

12 


Olive oil 

15 



135 


-Canned cherries 

75 

0.8 

44 

67 

Candy 

55 

0.1 

4 

194 


1,066 

34.9 

501 

2,002 


tration of normal saline provokes the kidneys to no extra activity, be- 
cause it does not appreciably alter the composition of the serum.” 
Adolph® analyzes the actions of salt and ivater as follows: “If water 
is drunk, an equal amount is excreted usuallj’' witliin two or three hours 
in the urine, in addition to the ivater excreted at the normal rate. Mean- 
while, the insensible loss of water increases in rate so that the body often 
ends up liy having as little or less water than it would have had if none 
had been ingested. The same result is obtained from drinking a solution 
of almost any salt in a concentration that is osmolar with the blood. 
But if the salt is sodium chloride or sodium bicarbonate, then little or no 
diuresis results and the excess fluid is eliminated very slowly (during 
twenty-four to forty-eight hours).” According to Peters and Van 
Slyke,' “Retention of base entails retention of water, and accumulation 
of water is associated Tvith storage of base. When the vrater changes 
affect chiefly the extracellular fluids, the base simultaneously retained or 
lost is chiefly sodium.” 

Therefore, there is good reason for rigid restriction of sodium chloride 
in chronic congestive heart failure. Edema fluid is composed principally 
of water and salt." Considerable water is necessary in the economy of 
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Table III — Cont’d 


Sample Diet Containing 2,000 Calories and 1.0 Gm. NaCl 



FOOD 

PfiOTEIIC 

Nad 

CALORIES 


(grams) 

(grams) 

(mg-) 


Breakfast 






(Bread 

40 

3.7 

30 

104 


Butter 

12 

0.1 

2 

87 


Jelly 

15 

— — 

5 

35 

Cream 

40 

0.9 

31 

153 

Sugar 

15 



— — 

60 

Canned apricots 

50 

0.5 

49 

37 

Cream of wheat 

120 

1.3 

2 

44 

Egg (boiled) 

50 

6.6 

179 

SO 

Dinner 






(Bread 

40 

3.7 

30 

104 


Butter 

12 

0.1 

2 

87 

i 

Jelly 

15 


5 

35 

'Steak (sirloin) 

00 

19.9 

213 

105 

Rice 

20 

1.6 

13 

71 

Butter 

15 

0.2 

3 

111 

1 

(Fresh string beans 

75 

1.8 

35 

32 

1 

[Butter 

4 





29 


[Apple, raw (sauce) 

95 

0.4 

27 

60 


Sugar 

10 


— — 

40 


[Whipped cream 

25 

0.6 

19 

96 

Supper 






Bread 

40 

3.7 

30 

104 


Butter 

12 

0.1 

2 

87 

1 

Jelly 

15 


5 

35 


Boast turkey 

60 

19.0 

203 

97 


Steamed Irish potato 

75 

1.5 

42 

64 


Butter 

12 

0.1 

2 

87 


■ Lettuce 

20 

0.2 

10 

3 


Fresh tomato 

50 

0.5 

16 

12 


Pot cheese 

25 

5.2 


28 


Olive oil 

5 




45 


-Canned cherries 

75 

0.8 

44 

67 


1,132 

72.5 

990 

1,999 


the organism, bnt excess salt is not. Water cannot be deposited in the 
tissue spaces without salt. Salt is, therefore, necessary for the formation 
of this type of edema. 

The rationale for the rigid restriction of fluids is not clear. If the 
intake of water is limited and the patient dehydrated, the deposition of 
edema should be lessened. Although dehydration can result from' this 
procedure, it is uncertain that diuresis is thereby initiated. In these 
cases the output of urine was markedly depressed when the intake of 
fluids was low, and diuresis was not established until an adequate amount 
of fluid was administered. Furthermore, if edema can be prevented by 
the restriction of water, that substance must be rigidly restricted, but 
this cannot be continued for long -without serious consequences. The free 
water contained in a diet of 2,000 calories may amount to a liter or more, 
and the “water of metabolism” to an additional 200 e.c. Limitation of 
this water necessitates a limitation of food which may, for short periods, 
be practicable, but obviously not for prolonged treatment. A certain 
volume of urine is necessary, furthermore, for the optimum excretion of 
chlorides (approximately 60 c.c. per hour). If the volume is permitted 
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to shrink below this the output of chlorides is lessened.® The opposite 
course is, therefore, preferable. If the output of urine can be increased 
by the administration of water, accompanied by rigid restriction of salt, 
the depletion of chlorides would be accelerated. On this plan, in no case 
did the output of urine fail to increase when extra water was added. 
Sometimes an increase in the amount of water taken actually initiated 
increased excretion of chlorides, Avhich was accompanied by loss of 
weight, Conversel}’-, the oliguria Avliieh accompanied severe restriction 
of fluids Avas associated Avith a decreased excretion of chlorides in 
the urine. 

It is evident from these data that the administration of comparatkely 
large amounts of fluid to cardiac patients does not increase the rate of 
formation of edema, provided the intake of salt is Ioav enough. Under 
these conditions, NcAA’^burgh® and Schemm^® have given cardiac patients 
considerable A^olumes of Avater AAuthout obserAung deleterious results. It 
is likely, therefore, that restriction of onlj’' one of the components of 
edema fluid is necessary for the control of anasarca. Limitation of the 
ingestion of salt, including limitation of those foods in Avhich tlie salt 
content is high, imposes little hardship upon the patient, AAdiereas re- 
striction of fluids to the degree neeessaiy to produce an effect may be 
difficult, hazardous, and uncomfortable. The occasional diuresis, A\dth 
loss of Aveight, AAdiich has been obserAmd Avhen fluids AA^ere given suggests 
that sometimes Avater is beneficial in this condition. For practical pur- 
poses it appears Avise to alloAv patients Avith heart failure to drinlc as 
much Avater as they please, provided the intake of sodium chloride (and 
other sodium salts) is carefully limited. 

Compared to the amount of salt in the diets used in this study, the 
amount in the usual “salt-free” or “cardiac” diet is relatively high. 
An ordinarj^ Avard diet to AAdiich no extra salt and no salty foods haA’-e 
been added contains approximately 4.0 Gm. of sodium' chloride; one 
cooked Avithout salt contains 2.0 to 3.0 Gm. One gram of salt is present, 
for example, in an aAmrage serving of lamb, beets, and carrots, or in 
800 e.c. of milk. When attention is not paid to the land of food, as Avell 
as to the amount, the salt content may mount AAUth surprisingly rapidity. 
Since it has been sIioaati that some patients may gain Aveight Aidien taking 
2,0 Gm, and remain at the same Aveight Avhen taking 1.0 Gm. of salt in 
tAventy-four hours, the kind of food given in the treatment of this type 
of edema assumes importance. The beneficial effects of the Karell diet 
(800 c.c. of milk in tiventy-four hours) may be due to the Ioav content of 
fluid and of food, but especially to the fact that the salt content is also 
reduced to 1.0 Gm. 

Fcav complaints AA''ere made about these diets AAffien the food aa^s prop- 
erly seasoned. Patients AA''ere able to take them at home Avith less hard- 
ship than Avould be caused by the restriction of fluids. 

This method for the control of edema merely removes or limits at the 
source one of the factors Avhich is responsible for the accumulation of 
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extracellular fluid. The usual measures must also be employed to pro- 
mote diuresis and to prevent reaccumulation of edema. But edema in con- 
ge.stive heart failure may often be kept in abeyance for considerable 
periods liy rigid restriction of the amount of sodium chloride in the diet. 


SUJIMARY 

1. Twenty-three patients who were suffering from congestive heart 
failure were studied with a view to learning the relative importance of 
sodium chloride and Avater Avith respect to the accumulation and disap- 
pearance of edema. 

2. The restriction of salt to a level beloAv the output in the urine al- 
Avays resulted in a decrease in the amount of edema. Usually, a diet con- 
taining as little as 1.0 Gm. of salt in tAventj^-four hours Aims sufficient to 
cause diuresis or a cessation in the accumulation of edema, but the salt 
content of the ordinary "salt-free” diet Avas not Ioav enough, 

3. When the intake of salt Avas sufficiently restricted, the amount of 
fluid taken did not usually affect the edema. 

4. Occasionally diuresis Avas observed to increase Avhen the patient Avas 
taking plenty of fluids, and to decrease Avhen fluids Avere rigidly re- 
stricted. 

5. When renal insufficiencj’' accompanied heart failure, a high intake 
of fluids resulted in symptoms similar to those of “Avater intoxication.” 

6. These studies suggest that restriction of salt is important in the 
control of the edema of congestive heart failure, but that the restriction 
of fluids is of little value. 
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THE PEODUCTION AND STUDY OP CARDIAC FAILURE IN 
THIAMIN-DEFICIENT DOGS 

Roy L. Swank, M.D., Reno R. Porter, M.D., and 
Andrew Yeomans, M.D. 

Boston, Mass. 

A LTHOUGH recent studies indicate that cardiac failure may be pro- 
duced in man by a deficiency of vitamin the experimental 
production and studj^ of this condition in animals has apparently been 
undertaken by few investigators. McCarrison** and Findlay^® noted 
hydroperieardium in manj'^ of their vitamin Bj-defieient pigeons, and 
studies on thiamin-deficient pigeons^^ and rats*^ have shovui that the 
electrocardiograms become abnormal. These and many other similar in- 
vestigations^®'^® have revealed bradycardia. However, other studies'"'^® 
have indicated that the bradjmardia was the result, in large part, of 
starvation.'^' 

In a recent study®® it was found that, in thiamin-deficient dogs, tachy- 
cardia and abnormal electrocardiograms frequently appeared. These 
dogs became veiy markedly emaciated and had severe paralysis, both 
flaccid and spastic. At their post-mortem examinations®^ the right 
auricle and ventricle were found to be dilated, and the left ventricle in 
apparent contraction. Histologic examination of the myocardium re- 
vealed edema, perinuclear vacuolization, increase in the longitudinal 
striations, decrease in the cross striations, and hyalinization of many 
cardiac muscle fibers, and, in places, marked interstitial cellular infiltra- 
tion was noted. In no instance was cai’diac failure observed. 

Another study, on pigeons,®® has shovui that hydroperieardium, edema 
and engorgement of the lungs, engorgement of the liver, and pei’ipheral 
edema can be produced in a large percentage of the birds by feeding 
them a diet partially deficient in thiamin, provided the caloric intake is 
sufficient to prevent a significant loss of weight. These pigeons de- 
veloped tachycardia and abnormal electrocardiograms, and histologic 
study of the myocardium revealed scattered areas of focal necrosis. 

To ascertain whether these phenomena are in fact due to failure of the 
m.yocardium, we have produced a similar state in the dog for more de- 
tailed studies. The method by which cardiac failure was produced in six 
dogs by feeding them a diet deficient in thiamin, together with pathologic 
observations, will be presented in the present paper. Physiologic ob- 

Prom the Departments of Medicine and Patholosj'. Harvard Medical School, and the 
Medical Clinic of the Peter Bent Brig-ham Hospital, Boston. 

Received for publication Oct. 9, 1940. 
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servations, using methods to be described separately will be presented 
as well, but in smaller numbers, because the symptoms of cardiac failure 
were followed so soon bj'^ deatb tliat few sucb studies weie possible. 

MATERIALS AND METHODS 

Young, normal, adult, female dogs were used. They were individually caged and 
fed the following experimental diet, which is deficient in thiamin: 


Casein (crude) 

180. 

God liver oil 

40. 

Peanut oil 

40. 

Corn starch 

620. 

Salt mixture 

20. 

Autoclaved yeast 

50. 


This diet (15 to 18 Gm. per Idlogram of body weight) was consumed voluntarily 
for ten to fourteen days, but thereafter, because of anorexia, was mixed with an 
equal weight of water and introduced into the dog’s stomach by tube. Supplemental 
feedings of thiamin (betabione, Merch) were given either intramuscularly or orally 
with the day’s ration. Many dogs vomited; two dogs which retained most of each 
day’s ration were given only small dail}' supplements of thiamin (25 micrograms), 
and were allowed to develop acute thiamin deficiency. Ten others were made 
chronically deficient in thiamin, as follow’s: After a preliminarj', rapid depletion 
period of approximately ten to fourteen days, during which no thiamin was added 
to the day’s ration, each dog vomited. IVlien this had occurred on two successive 
days, 0.3 to 0.6 microgram of thiamin per gram of the experimental diet (depending 
upon how much was needed to prevent a recurrence of vomiting) was added to the 
daily ration (preferably), or given intramuseularly. This regimen was followed for a 
period of four to twelve weeks, during which time the thiamin stored in the body 
was slowly used up. In some instances the administration of thiamin was then 
discontinued or the dose was reduced to approximately 0.2 microgram per gram of 
experimental diet, in ivhich cases signs of cardiac failure or death usually appeared 
witliin three to five days. In others in which the reduction in thiamin was less 
marked (to 0.4 microgram per gram of diet), the symptoms of failure appeared 
less acutely, or, for reasons to be discussed later, failed to appear. 

For the purpose of control, two dogs were starved by giving them approximately 
7 Gm. of the experimental diet per kilogram of their original weight, plus an in- 
tramuscular injection of 100 micrograms of thiamin each day. These dogs lost ap- 
proximately 30 per cent of their original weight, but showed no evidences of thiamin 
deficiency (anorexia, paresis, or dyspnea). No further mention of these experiments 
ivill be made. Two other dogs were utilized to ascertain the amount of thiamin neces- 
sarj' to prevent vomiting or other signs of thiamin deficiency in chronically deficient 
animals. 

RESULTS 

Acutely Deficient Dogs . — ^Dogs 4 and 5 became deficient acutely. They 
vomited after consuming the experimental diet for twelve and seven 
days, respectively, and thereafter, to prevent further vomiting, received 
25 micrograms of thiamin intramuscularly each day. Ataxia became 
apparent on the twenty-fourth and nineteenth days, respectively, w’hen 
both dogs had lost 12 per cent of their original weight. One day later 
Dog 5 was found to have opisthotonus and extensor rigidity of the ex- 
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tremities. This ivas relieved in less than one hour by an intramuscular 
injection of 200 micrograms of thiamin. 

In these and other (chronically deficient) dogs, ataxia was noticed 
first in the hind legs, later in the forelegs. It was characterized by a 
wide or straddle gait, misplacing of the feet, staggering, and a marked 
tendencj^ to walk on the dorsum of the paws. Unless adequate amounts 
of thiamin were administered or the food intake greatly reduced, the 
ataxia became very much worse, a variable amount of spasticity of the 
extremities appeared, and in a few days there ensued a paralysis which 
was so severe that the animals were unable to stand or walk. This 
severe paralysis was due no doubt to motor as well as to sensory (proprio- 
ceptive) impairment, for the animals -were unable to support their own 
■weight. In a feiv eases the muscles of the neck also became involved, and 
the animals had difficulty in holding up their heads. Mild ataxia ivas 
abolished in seven to fourteen days by thiamin, but no attempt was made 
to restore to normal a dog that had severe paralysis. No evidences of 
cardiac failure were observed in the tivo acutely deficient dogs, and, as 
■will be shmvn, paralysis (also starvation) tended to prevent the appear- 
ance of cardiac failure in the chronically deficient dogs. A similar ob- 
servation on human patients ■was made b}" Keefer.® 

Chronically Deficient Dogs. — (a) General Consideration: On the 
dietary regimen, which ■was partially deficient in thiamin, seven dogs 
developed sudden cardiac failure, principally of the left ventricle, and 
five of them died in a very feiv hours. T^wo of these ■were observed a 
short time before they died and showed labored breathing (not panting), 
pulmonary rales, cyanosis of mucous membranes, and poorly filled 
peripheral veins (as judged by the difficulty -with which they were 
entered for the purpose of ■withdrawdng blood) . The other three ivere 
found dead in their cages. In no instance Avas dependent edema or an 
increase in peripheral venous pressure due to cardiac failure noted; 
all evidences pointed to failure of the left ventricle. Three of the dogs 
with cardiac failure developed mild ataxia A’^ery early in the experiment 
and Avere restored nearly to normal by a slight increase in the intake of 
thiamin, although this Avas still not sufficient to prcA’^ent the development 
of cardiac failure. Tavo other dogs became moderately paralyzed, and 
the last tAvo dogs exliibited no evidences of paralysis at any time. 

Pour other dogs failed to exhibit any evidences of cardiac failure. 
One of these shoAved no signs of thiamin deficiency at all, presumably 
because of eoprophagy; one other shoAved only slight paralysis and Avas 
suspected of eoprophagy; and tAAm others became A^exy emaciated and 
paralyzed. In both dogs and pigeons,®® emaciation and severe paralysis 
definitely delayed or preAmnted the development of cardiac failure. 

In dogs Avith chronic thiamin deficiency an infusion AAuth 10 per cent 
glucose in saline Avas folloAved in tAveKe to tAventy-four hours by the 
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appearance of leg weakness (two eases) or cardiac failure (one case). 
Because of the apparent cause and effect relationship of the injection of 
glucose and the appearance or exacerbation of sjanptoms of tliiamin 
deficiency, the use of this infusion fluid Avas abandoned. 

(b) Pathologic Observations: Generally similar gross pathologic 
changes were found in all thiamin-deficient dogs that died from cardiac 
failure. There was frothy serosanguineous exudate in the trachea and 
bronchi ; the lungs ivere purple to red in color, espeeiallj^ in dependent 
parts; and much frothy fluid could be expressed from them. Each 
pleural cavity contained from a few cubic centimeters to 150 e.e. of 
bloody fluid. The liver and kidneys were slightly engorged Avith blood 



Pig. 1. — Section from cardiac muscle of a dog that died from cardiac failure. Note 
the area of necrosis, inaltrated with polymorphonuclear leucocytes, and the normal ap- 
pearing muscle abers at the periphen' of the lesion (axed in Zenker’s-acetic acid solu- 
tion and stained hy eosin and methylene blue). 

in tAvo cases and normal in the others. The left ventricle and auriele 
Avere markedly dilated. All of the heart valves Avere normal grossly. 
Histologic study revealed some general shrinkage and pale indistinct 
staining of the muscle fibers in all the hearts. In three eases, small 
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scattered areas of myocardial necrosis were observed, many of which 
were infiltrated with polymorphonuclear leucocytes (Fig. 1). Histologic 
study of the lungs in all cases revealed edema and congestion (Fig. 2). 

With the exception of the contracted left ventricle, which was also ob- 
served in dogs by Porto and De Soldati,^^ these abnormalities are com- 
patible with left ventricular failure. The explanation for this apparent 
discrepancy is not known, but it may lie pointed out that rigor mortis 
develops very soon after death in severely deficient pigeons, and that a 



Fi&. 2. — Section of lung- from the same animal. Note the engorged capillaries and 
the pink staining edema fluid in the alveoli and bronchiole (fixed in Zenker s acetic 
acid solution and stained by eosin and methylene blue). 

contracted heart is frequently found in pigeons that have died from 
cardiac failure.^^ It is quite possible that this contraction of the heart 
of the dog and pigeon occurs after death, for recent studies on man by 
Dr. Gustave Nylin* indicate that this is possible. 

•Personal communication. This investigator found that the volume of a ^eatly en- 
larged heart could become reduced to half its pre-mortem size a few hours after a earn. 
The cardiac volume was computed from roentgenologic studies made before ana atcer 
death, and the post-mortem volume was confirmed directly at autopsy. 
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(c) Physiologic Ohservations: Although five dogs died from cardiac 
failure, and a large number of infusion fests^ were performed on 
thiamin-deficient dogs that were vomiting or paralyzed, in only three 
instances were we able to demonstrate that the functional reserve (as 
measured by the infusion test) was diminished. In three other dogs 
(two died, and one recovered after thiamin administration) cardiac 
failure developed so rapidly that detailed studies could not be made, 
although the animals ivere observed. This testifies to the difficulty of 
producing and controlling cardiac failure once it has appeared. How- 
ever, in one dog (Dog 11) significant circulatory and electrocardio- 
graphic observations during cardiac failure were recorded, and these will 
now be described. Electrocardiograms were recorded on one other dog 
with dyspnea and pulmonary edema, and they will be mentioned later. 

Dog 11 (weight 14.6 kg.) received 350 and, later, 300 Gm. of the ex- 
perimental diet, plus 225 and, later, 150 micrograms of thiamin by tube 
daily for twelve weeks. The ration was then reduced to 225 Gm. and 
the thiamin to 75 micrograms ; two days later labored breathing appeared 
(made worse by the slightest exertion), and pulmonary rales developed. 
Electrocardiographic studies at this time showed definite elevation of the 
S-T segment in all leads (Fig. 4, Plate I) and tachycardia (Chart I). 
Fifteen hundred micfograms of thiamin were given intravenously, and 
thirtj'’ minutes later the dyspnea had disappeared and normal activity 
was resumed. The deficient diet was continued, and fifteen days later 
vomiting recurred; thiamin (75 micrograms daily) was then added to 
the ration again. Two days later, routine morning electrocardiograms 
revealed once more an elevation of the S-T segment in all leads (Pig. 9, 
Plate II) . As dyspnea at rest was not yet evident, and the general condi- 
tion of the dog was good, she was anesthetized with chloralose and pre- 
pared for an infusion test. The basal cardiac output was found to be 
3.71 liters per minute, and an infusion with normal saline at a speed of 
57 c.c. per minute was administered (Chart II). Such an infusion had 
been easily handled by this dog on many previous occasions, and at this 
time, except for a greater rise in the venous pressure, the response was 
normal. Ten minutes after the infusion ended, and while the venous 
pressure was dropping normally, dyspnea appeared, accompanied by pul- 
monary rales. Blood was drawn immediatelj’- from the right side of the 
heart and femoral artery to ascertain the cardiac output, which was 
found to be 3.10 liters per minute. Since in normal dogs the cardiac 
output ten minutes after completion of an infusion was always double 
or nearly double their basal cardiac output, and since this dog’s basal 
cardiac output on this occasion was 3.71 liters per minute, this was a 


•This test has been described in a paper to be published.=5 In carrying out this test 
fluid was administered intravenously, in a known volume, and at a constant rate and 
its effect estimated by observing tlie venous pressure, cardiac output, and pulse rate 
Tlie changes which occurred in these measurements, during such an infusion srnve no' 
indication of the heart’s ability to handle the increased "'oori >• 


an estimate of the functional reserve of the myocardium. 


"load,” and in so doing gave 
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Figr, 4. 


Fig. 5. 


Fig. 6. 


Fig. 7. 


Fig. S. 



Plate I Series of Lead II electrocardiograms from Dog 11 during and bet 

three attacks of cardiac failure. The daily basal heart rate during tins pei 
shown in Chart II. 

Pig. 3. — Normal control record taken before Dog 11 was placed on the expen 

Fig. 4. — (June 13.) During first period of failure: note ^^°'D'cardia (r^e 210L 
marked cha^e in the T waves, and extrasystoles (1,500 micrograms of thiami 
given intravenously immediately after this record was taken). 

Pig. 5. (June 15.) Note runs of ventricular extrasystoles (rate 180). 

Pig'. 6.— (June IS.) Normal rhythm; note elevated T waves (rate 150). 

Pig. 7._(june 23.) Normal rhythm; note elevated T waves (rate 80). 

Pig 8 (June 28.) Apparently the cardiac musculature is becoming d 

again;' note tachycardia (rate 135) and beginning changes in T waves. 
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low output. Thiamin (500 mierograms) was given intravenously, and in 
ninety minutes the dyspnea and pulmonary edema had practical^ dis- 
appeared and the S-T segment of the electrocardiograms had returned 
nearly to normal (Fig. 13, Plate II). Dog 11 continued to receive the 
deficient diet and fourteen days later was found dead in her cage. Her 
post-mortem weight was 14.2 hg., so that she lost only 0.4 Itg. while 
receiving the thiamin-deficient diet. 

Chart I shows the daily basal pulse rate of Dog 11 from the first attack 
of cardiac failure until death. Each pei’iod of failure was accompanied 
by tachycardia, which appeared several days before either dyspnea or 
abnormalities in the electrocardiograms were noted, "When thiamin was 
given, the cardiac rate decreased gradually to normal during a period 
of several days. Preceding the onset of cardiac failure by two days. 



Chart I. — This chart shows the daily basal pulse rate of Dog n from the first at- 
tack of cardiac failure until her death. These cardiac rates were obtained bv ausculta- 
tion after the dog had rested for thirty minutes and was quiet and calm. The days on 
which the electrocardiograms in Plates I and II were taken are indicated in the chart. 

slight but definite abnormalities were noted in the electrocardiograms 
(Fig. 8, Plate I; and Fig. 15, Plate II). With the appearance of 
dyspnea and pulmonary rales tliese changes became greater (Pig. 4, 
Plate I; and Pig. 9, Plate II). After thiamin was administered, the 
electrocardiographic complexes returned nearly to normal in about 
ninety minutes (Pig. 13, Plate II), but the dominant rhythm ivas then 
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Fig. 9. 


Fig. 10. 


Fig. 11. 


Fig. 12. 


Fig. 13. 


Fig. 14. 


Fig. 15. 



Fig. 9. — (June 30.) Dyspnea on effort present; note increased cardiac rate (165) 
and elevation of tlie S-T segment. 

Fig. 10. — (June 30 ; two hours later.) Dyspnea and pulmonary rales present after 
conclusion of infusion test. Note T waves. 

Fig. 11, — (June 30; ten minutes after thiamin was given intravenously.) Note 
return of T waves toward normal. 

Fig, 12. — (June 30: thirty-five minutes later.) Cardiac rate slower (rate 150): 
note further changes in the T waves and ventricular extrasystoles. 

Fig. 13. — (June SO; ninety minutes after thiamin was given.) Note the T waves 
and frequent ventricular extrasystoles. 

Fig. 14. — (July 8.) Normal appearing complexes. 

Fig. 15. — (July 13.) Note the very slight ahnormalities in the electrocardiograms 
and tachycardia. Two days later this dog was found dead m her cage from cardiac 
failure. 
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disturbed by immerous extrasystoies which were present for three to 
four days. Later during the period of recovery the T waves became 
elevated to a height of 1 cm. (Fig. 7, Plate I) . 

The pathologic changes in Dog 11 are of especial interest. In addition 
to marked pulmonary edema and congestion, and a right-sided hydro- 
thorax of 150 c.e. and left-sided hydrothorax of 50 e.c., there were some 
congestion of the liver and kidneys and edema of the posterior abdominal 
wall. The right auricle, and ventricle were dilated, and the left ventricle 
was normal in size. Grosslj’’, the heart muscle appeared pale, but other- 
wise normal, and the endocardium and pericardium appeared normal. 
Histologically, the myocardium revealed two distinct types of lesions. 
Small areas of focal necrosis (some with inflammatory cell infiltration) 
were scattered throughout the myocardium ; these were similar to those 
described before, and illustrated in Fig. 1. In addition, there were other 



Chart II. — Chart of the infusion curve of Dog 11 on June 30, indicating the time 
relationship between appearance of rales in the lungs and completion of the infusion. 
Venous pressure measurements were made with the zero point of the manometer at 
the skin of the dog's back. The infusion curve rose at a constant rate for exactly 
thirty minutes, beginning at zero minutes. 

focal lesions which appeared to be definitely older. They consisted of 
small areas of loose connective tissue from which myocardial fibers 
were obviously absent. These lesions were generalized and were of about 
the same size as the areas of focal necrosis. Although these focal lesions 
were seen in every microscopic field, by far the majority of muscle 
fibers appeared entirely noimal. 
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(d) Additioml Observations: In one of the other dogs with dyspnea 
and pulmonary, edema (rales), electrocardiographic studies revealed 
definite, although moderate, changes in the myocardial action potentials. 
The Q waves in Lead I disappeared and in Lead III became very 
prominent, and the T waves in Lead I became more prominent and 
elevated and in Leads II and III inverted. These changes were accom- 
panied by a tachycardia of 110, 135, and 120 (three observations within 
two hours). General improvement, which appeared to start spon- 
taneously and wms hastened by an intravenous injection of thiamin, was 
accompanied by a marked reduction in the cardiac rate and a very rapid 
return of the electrocardiogram to normal. In another animal, sub- 
cutaneous edema wms observed in aU extremities without other evidence 
of circulator}'- embarrassment or abnormalities in the electrocardiogram. 
This probably wms not cardiac edema, but may liave represented some 
other disorder due to thiamin deficienejL 

DISCUSSION 

The means by w'hich cardiac failure can be produced in thiamin- 
deficient pigeons have been outlined and discussed elsew'here.^® The 
same general principles of dietary management produce a similar state 
in the dog. When a thiamin-defieient ration is consumed voluntarily 
by dogs, anorexia and a consequent, marked emaciation usually re- 
sult.^°’ The animals may consume the deficient diet for tivo or three 
months before they develop paralysis, and they rarely (if ever) show- 
evidences of cardiac failure. If the animals are made acutely deficient 
by tube feeding and small supplements of thiamin, only an insignificant 
loss of weight occurs (approximately 10 per cent) ; ataxia of the hind 
legs appears in about twmnty-one days and becomes very severe a few' 
days later if thiamin is not administered in large amounts. In such 
animals opisthotonus and extensor rigidity may develop. This has also 
been observed in cats by Odom and McBachern.* In acutely deficient 
dogs and pigeons, dyspnea, pulmonary rales, and post-mortem evidences 
of cardiac failure fail to appear, although a few' acutely deficient 
pigeons with opisthotonus have exhibited minor changes in their electro- 
cardiogi’ams.®® • , 

To assure the production of cardiac failure, it is necessary, first, 
to deplete the animal’s reserve of thiamin slowly by feeding it on a 
diet w'hich is only slightly deficient in thiamin. According to our main- 
tenance requirement studies, the practical thiamin requirement of dogs 
that consumed our experimental diet w'as about 60 micrograms (intra- 

•Personal communication. These investigators found that tube-fed cats developed 
paralysis from thiamin deficiency in approximately three Tveehs. Although consider- 
able weight loss occurred, three of their animals developed convulsive attacks consist- 
ing of opisthotonus and extensor rigidity of the extremities, and frequent clonic move- 
ments of all extremities. These attacks were quickly alleviated by thiamin. 
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imiscularly) per 100 Gm. of diet,® which figure agrees favorably with 
that given by Arnold and Elvelijem.’® Thus, if, subsequent to vomiting, 
60 micrograins of thiamin, or less (40 micrograms), are given orally with 
every 100 6m. of diet, a gradual depletion of the thiamin reserve re- 
sults. "When a dog becomes accustomed to tube feeding, the thiamin can 
be gradually reduced to 30 or even 20 micrograms per 100 Gm. of diet, 
but, if vomiting recurs or paralysis develops, the thiamin dosage should 
be increased. Mild ataxia in both dogs and pigeons frequently improved 
rapidly, and normal gait was restored when the thiamin dosage was in- 
creased slightly, i.e., from 30 to 40 or 50 micrograms per 100 Gm. of diet 
(dogs), even though the diet was still deficient in thiamin, and cardiac 
failure developed. In order to be sure of stopping the vomiting or in- 
crease of paralj'sis, it was found expedient, when paral 3 '^sis appeared, to 
give one intramuscular injection of 100 or 200 micrograms of thiamin. 
In addition, the dailj’’ oral dosage of thiamin was increased slightljq 
depending upon the severity and acuteness of the paralysis. 

It is important to avoid the development of severe paralysis or of a 
greater than 10 per cent loss of weight, for either or both tend to pre- 
vent the appearance of cardiac failure. Keefer^ observed that, in pa- 
tients with beriberi, paralysis tended to delaj’^ or prevent the onset of 
heart failure. It is quite likety that these two factors prevented the de- 
velopment of cardiac failure in De Soldati’s dogs,^° although tachycardia 
and abnormal electrocardiograms were noted ante mortem, and evidences 
of myocardial changes were observed post mortem. Perhaps emaciation 
and inactivitj^ caused by paralj^sis reduce the ivork of the heart suf- 
ficientty to compensate for its impaired efficiencjn 

Several variable factors Avhich maj' delaj’- or prevent the appearance of 
thiamin deficiency in the dog are vomiting, coprophagy, and a high and 
variable thiamin content of yeast. As the thiamin requirement becomes 
reduced in proportion to the amount of the daj^’s ration which is vom- 
ited or not consumed,^®’ it is possible by vomiting to reduce the thiamin 
requirement below the amount that is being administered intramuscu- 
larljL This complication can be minimized bj'- mixing the thiamin with 
the daj'^ ’s ration. A second cause for failure, coprophagy,^®’ was sus- 
pected but never directly observed in one dog that received the experi- 
mental diet and no thiamin for six months without becoming deficient, 
and in another in which the onset of the deficiency was delayed. The 
thiamin content of different samples of jmast, all of which had been 
autoclaved in an alkaline medium at a pressure of 20 pounds for six 
hours, was found to vary significantly. This made it very difficult to 
know how much thiamin to add to the diet, but the problem was par- 
tially solved by reducing the j^east content of the diet from approx- 


*This dosage of thiamin protected two chronically depleted dogs from vomiting 
paralysis, and heart failure during a period of about eight weeks. It is quite possible 
that the true requirement is higher than this, because the tissue stores are able 
to supply some thiamin even though they are already verv low. In this event 
some animals might become thiamin deficient on this dosage, especially if the experi- 

noted that our diet contained slightly more 
fat than the one used by Arnold and Elvehjem^ in their experiments on dogs. 
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imately 10 per cent to 5 per cent, and by later ntilizing a single, source 
of this substance. On the other hand, glucose infusions, by greatly 
increasing the thiamin requirement, increased an already existing 
thiamin deficiency, with the result that paralysis or cardiac failure ap- 
peared suddenl 3 ^ 

Our limited observations on thiamin-deficient (but not starved) dogs 
indicate that the basal pulse rate may increase gradually during a 
period of four or five daj^s preceding the appearance of definite cardiac 
failure. This is contrary to the observations of those investigators who 
believe that experimental thiamin deficiency in rats and pigeons is 
accompanied by bradycardia, but in essential agreement with others 
who consider that this bradycardia is the result, in large part at least, 
of concomitant starvation.^"-^^ It should be noted that tachyeai’dia 
is almost invariably present in human beings with beriberi heart fail- 
ure,^'® and that De Soldati^® noted tachycardia in his thiamin-deficient 
dogs. In our dogs this tachycardia was accompanied (and possibly 
caused) bj'- a graduall}^ increasing nervousness, irritability, and increased 
tendency to vomit. Twenty-four to forty-eight hours before dyspnea at 
rest was evident, changes in the electrocardiogram appeared. These were 
similar to those described in rats and man by Weiss, et al.,^’®'^^ in 
man and pigeons by others,^'®* ” and in the dog by De Soldati.®® In 
one of our eases (Dog 11) the electrocardiographic changes consisted of 
depression and later a high take-off of the T waves in all leads, and in 
another dog less dramatic alterations were noted in the Q and T waves 
in Leads I and III. These changes were accompanied by d.yspnea and 
pulmonary rales in both dogs, and in Dog 11 on a second occasion by a 
reduction in the cardiac reserve, as demonstrated bj'’ the infusion test. 
An intravenous injection of as little as 100 microgi’ams of thiamin caused 
the dyspnea and pulmonary rales to disappear rapidlj'', the electro- 
cardiogram to approach normal in one to two hours, and the pulse rate to 
slow gradually to normal over a period of several days. 

Electrocardiograms of thiamin-deficient pigeons which were allowed to 
lose very little or no weight have demonstrated very similar events.^^ 
The cardiac rate increased gradually during a period of several days 
before and while the electrocardiograms showed abnormalities. When 
thiamin was given intravenously (or intramuscularly), the electro- 
cardiogram returned to normal in sixty to ninety minutes and the 
cardiac rate slowed to normal in twenty-four to forty-eight hours. When 
the food intake was reduced so that a rapid loss of weight occurred, the 
changes were similar to those observed in the dog. 

The lesions observed in the cardiac musculature of these dogs (as also 
those reported in the pigeon®^ and maW* ®’ ") do not appear great enough 
to cause cardiac failure, especially in a few instances in which the areas 
of necrosis were very difficult to find microscopically. However, the very 
rapid return to normal of the electrocardiographic complexes after 
thiamin had been injected indicates that many more muscle fibers in the 
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]ieart were impaired functionally, and that these were capable of re- 
suming normal function, as indicated by the electrocardiograms very 
soon after they were supplied with thiamin. It is possible that less 
severe myocardial changes, such as those observed by Porto and De 
Soldati, as well as many completely normal appearing myocardial 
fibers, were among those that were quickly restored to normal by thiamin. 
It seems reasonable to suggest, however, that repeated attacks of cardiac 
failure from thiamin deficiency, accompanied by necrosis of myocardial 
cells such as was observed in Dog 11, might result finally in a marked 
reduction of the functioning heart muscle, and its replacement by con- 
nective tissue. In such eases chronic cardiac failure might well de- 
velop, and probably would not be influenced so dramaticallj’- by the ad- 
ministration of thiamin. This is in agreement with a statement of 
Weiss^® that, under thiamin therapy, the speed of recovery of patients 
with cardiac failure caused by beriberi is variable, and may require 
several weeks or longer. 

The dyspnea and pulmonaiy rales ante mortem and pulmonary con- 
gestion and edema post mortem indicate that the cardiac failure in our 
thiamin-deficient dogs was primarily of the left ventricle. Had these 
animals survived longer (had failure been less acute), it is possible that 
obvious systemic congestion, with edema, similar to that observed in 
human beriberi, would have developed. The presence of bilateral hydro- 
thorax, congestion of the liver, and edema of the posterior abdominal 
wall in Dog 11, and of smaller hydrothoraces with less hepatic conges- 
tion in several other dogs, indicated that some degree of right ventricu- 
lar failure had already appeared. 

SUJIMARY AND CONCLUSIONS 

When dogs were fed a diet partiallj^ deficient in thiamin and a sig- 
nificant loss of weight was prevented by tube feeding, they developed 
dyspnea and pulmonary edema, and, at post-mortem examination, pre- 
sented pulmonary congestion, edema, and other abnormalities which 
supported a diagnosis of cardiac failure, chiefly of the left ventricle. 
Histologic study of their myocardiums revealed many small areas of 
necrosis. Electrocardiographic studies revealed definite abnormalities 
in the electrical activity of the myocardium, and tachycardia just pre- 
ceding and during such periods of cardiac failure. These changes dis- 
appeared quickly after the administration of thiamin. In one dog, 
circulatory studies showed that the cardiac reserve of thiamin-deficient 
dogs with dyspnea and pulmonary rales may be reduced. A more ex- 
tensive consideration of circulatory studies in these and other dogs is 
to be reported elsewhere.-® 
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CHANGES IN THE RHYTTBI OP THE HEART DURING 
RESECTION OP THE PERICARDIUM IN CHRONIC 
CONSTRICTIVE PERICARDITIS, AS RECORDED 
ELECTROCARDIOGRAPHICALLY 

Harold J. Stewart, M.D., and Robert L. Bailey, Jr., M.D. 

New York, N. Y. 

T ITAT resection of the pericardium in cases of chronic constrictive 
pericarditis may be safely performed has been demonstrated by 
Schmieden, et al.,^’ ^ Churchill, “ Beck and Griswold,^ Heuer, et al.,''’ ' 

and by Blalock, et al.®’ Heuer and StewaiU have recently reviewed 
the published data relating to the surgical treatment of this disease, and 
Stewart and Heuer®’ " and Burwell and Blalock^^ have studied the dy- 
namics of the circulation in the iiresence of this lesion. It is of prac- 
tical importance to know how the heart behaves during the resection 
of the closely attached pericardium. 

Peil and Rossraan^^ have reported the electrocardiographic changes 
during operation in twenty-four patients who were the subjects of car- 
diac anastomosis for the treatment of angina pectoris and coronary 
sclerosis, and in cases in which the pericardium was resected. Patients 
who were subjected to cardiac anastomosis showed electrocardiographic 
changes more frequently than those whose pericardiums were resected. 
Most of the abnormalities occurred during manipulation of the heart. 
The use of quinidiue sulfate preoperatively in certain of the cases ap- 
peared to prevent the occurrence of arrhythmias. This impression could 
not be demonstrated conclusively by comparing the electrocardiograms 
of these patients with those of subjects who had not received quinidine. 
Mautz^® and Beck and Mautz"'* applied local anesthetics to the surface of 
the heart in an attempt to reduce its surface irritability during cardiac 
surgical procedures. They found that applying a solution of procaine 
directly to the auricles and ventricles reduced the incidence of ar- 
rhythmias during operations on the heai’t in man. This measure was 
efficacious experimentally in dogs in converting auricular fibrillation to 
normal sinus rhythm, and also terminated ventricular fibrillation. 

Fell and Rossman’s'- observations are the only records in the litera- 
ture relating to changes in the cardiac rhythm during pericardial resec- 
tion. We have had the occasion to make electrocardiograms during re- 
section of the pericardium in the last six cases of chronic constrictive 
pericarditis in which we have used this method of treatment. We had 
gained the impression from observing the hearts of the other seven 
patients during operation that disturbances of rhythm were infrequent 
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and of short duration. We wished, however, to ascertain with certainty 
the nature of the irregularities. These observations are now being 
reported. In five eases, J. P., C. G., G. S., E. B., and J. C., the operations 
were perfomed by Dr. George J. Heuer, as previously described,® and, 
in the other case,. P. M., by Dr. W, D. Andrus. All patients had had the 
usual preoperative study and treatment,®- ‘ The three standard leads 
of the electrocardiogram were taken after the patient had been placed on 
the operating table. This served as a control. Another electrocardi- 
ogram was taken after anesthesia had been induced by the use of open 
drop ether, and subsequent ones at frequent intervals throughout the 
operative procedure, namely, when the chest was opened, when dissec- 
tion of the pericardium was started, and at frequent intervals during 
resection. A final record was made after the chest had been closed. 
From seven to twelve electrocardiograms were taken during each 
operation. 

OBSERVATIONS 

J. P., History No. 155C18, a man, aged 36 years, was admitted to hospital 
Nov. 4, 1938. He had suffered from dyspnea on exertion, swelling of the legs and 
abdomen, and palpitation, for eight years. There was no history of rheumatic 
fever, tuberculosis, or any other illness which might have been the etiologic factor 
in the production of chronic constrictive pericarditis. He presented the following 
signs and symptoms; dyspnea, cyanosis, massive edema of the legs, marked dis- 
tention of the superficial veins, fluid in the right pleural cavity, marked enlarge- 
ment of the liver, and marked ascites. The heart did not appear to be enlarged; 
there were no abnormal signs on auscultation. Auricular fibrillation prevailed. 
The blood pressure measured 108/68. The radial pulse was paradoxical. The 
venous pressure was elevated to 305 mm. of saline, and the arm-to-tongue circu- 
lation time (Decholin) was prolonged to 26.4 seconds. Eoentgenograms of the 
heart did not show calcification of the pericardium; fluoroscopic examination of 
the heart showed diminished amplitude of the cardiac pulsations. On Feb. 14, 
1939, when the signs and symptoms had been alleviated by medical treatment,® 
resection of the pericardium was performed. The pericardium was found to be 
markedly thickened, and the parietal pericardium was everj^here adherent to the 
surface of the heart. Calcification of the pericardium was not observed. Besec- 
tion of the pericardium over the entire anterior surface of both ventricles and the 
apex of the heart was carried out by careful sharp and blunt dissection. 

The preoperative electrocardiogram showed auricular fibrillation, with a ventricu- 
lar rate of 90 per minute. The QES complexes were low and slightly split. The 
T waves were diphasic in all leads. The patient had been well digitalized to keep 
the ventricular rate slow,®- ®> * and the form of the T w-aves was in part a digitalis 
effect. The QES conduction time was within normal limits, and there w-as no 
deviation of the electrical axis. An increase in the ventricular rate from 90 to 
120 per minute was the only change in the electrocardiogram until pericardial 
resection was begun. At this time, ventricular premature contractions occurred. 
Both left and right ventricular premature contractions,* but more of the former, 
appeared while the pericardium covering the anterior surface of the left ventricle 
was being resected. Shortly after the resection of the pericardium from the 
anterior surface of the left ventricle had been started, there were two left ventricular 
premature contractions in succession; after this there were four left ventricular 
premature contractions in succession, forming a short run of ventricular parox- 
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ysmal tachycardia. When resection of the pericardium from the left ventricle ' 
had been partially completed, several right ventricular premature contractions 
were recorded. These occurred singly and in pairs, and appeared to arise from 
different foci. As resection over left ventricle neared completion, occasional left 
ventricular premature contractions occurred singlj’’, and there was a series of 
five left ventricular contractions in succession,, constituting a short run of ven- 
tricular paroxysmal tachycardia. A single right ventricular premature contrac- 
tion appeared while the right ventricle was being uncovered, and a left ven- 
tricular premature contraction was recorded after resection had been completed. 
On comparing the records taken before and at the completion of the operation, 
the T waves in Lead I had increased slightly, and the QES complexes in Lead II 
were decreased slightly, in amplitude. On the whole, however, the series of electro- 
cardiograms showed no changes of significance except the ventricular premature con- 
tractions and the short runs of ventricular paroxysmal tachycardia. 

C. G., History No. 97484, a white man, aged 33 years, was admitted to hospital 
May 30, 1939. He stated that he had suffered from dyspnea on exertion for twelve 
years and from a feeling of fullness in the epigastrium after exertion for seven 
years. He had never had orthopnea, edema, ascites, or precordial pain. There was 
no history of rheumatic fever, tuberculosis, or any other infection which might have 
Ijeen the etiologic factor in the production of chronic constrictive pericarditis. The 
patient presented the following signs and symptoms; cyanosis, distention of the 
superficial veins, fluid in the right pleural cavity, and enlargement of the liver. 
The heart did not appear to be enlarged, and no murmurs w^ere heard. The 
rhythm wms normal. The blood pressure measured 130/90. The radial pulse was 
paradoxical. A roentgenogram of the heart showed calcification of the peri- 
cardium. Fluoroscopic examination of the heart revealed diminished amplitude 
of the cardiac pulsations. The venous pressure rvas elevated to 123 mm. of H 5 O, 
and the arm-to-tongue circulation time (Decholin) increased to 36.4 seconds. 
Resection of the pericardium was performed May 29, 1939. At operation, calci- 
fication of the pericardium was observed along both the right and left borders of 
the heart. The pericardium over the anterior surface of the heart was not calcified, 
but the parietal pericardium was adherent to the anterior surface of the heart. 
Resection of the pericardium over the anterior surface of the heart was carried 
out by blunt dissection. 

The preoperative electrocardiogram shorved normal sinus rhythm, with a heart 
rate of 110 per minute (Fig. 1). The P-E and QRS conduction times were wdthin 
normal limits. There -was slight deviation of the electrical axis to the right. The 
QRS complexes were slightly split in Leads I and II, and were low and split in 
Lead III. The T waves were positive in Leads I and II and diphasic in Lead III. 
The RS-T segments were slightly depressed in Leads II and III. Auricular pre- 
mature contractions were present in all leads. During operation the heart rate 
increased, and varied between 120 and 160 per minute. The electrocardiogram 
w^hich was taken during resection of the ribs showmd a paroxysm of auricular 
fibrillation in Lead I, and, in Lead II, a run of auricular fibrillation, follow^ed by 
two auricular premature contractions and then a run of auricular paroxysmal 
tachycardia. As the pleura was being opened, the transition from normal rhythm 
to auricular fibrillation was recorded in Lead I; Lead II showed auricular fibrilla- 
tion, which was replaced by one auricular premature contraction and then auricular 
flutter, with a varying rate of ventricular response. A paroxysm of auricular fibrilla- 
tion, followed by multiple auricular premature contractions, was recorded as resection 
of the pericardium from the left ventricle was begun. The record which was taken 
as the pericardium was being dissected from the right ventricle showed auricular 
fibrillation, followed by multiple auricular premature contractions and then normal 
rhyUim in Lead I and auricular fibrillation in Lead II. A paroxysm of auricular 
fibrillation, followed by multiple auricular premature contractions, w'as recorded 
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as the pleura was being closed. The final record, taken as the muscle flaps were 
being closed, showed auricular fibrillation, followed bj' multiple auricular pre- 
mature contractions and then another paroxysm of auricular fibrillation. Normal 
rhjThni recurred later in the day and persisted. No ventricular premature con- 
tractions were recorded. The slight deviation of the electrical axis to the right 
disappeared after resection of the pericardium had been completed. The QRS 
complex in Lead I decreased in amplitude. The T waves varied in amplitude dur- 
ing the procedure, especially in Lead III, in wliieh they changed from diphasic 
to negative, and finally to positive as the pericardium was being resected. The T 
waves in Lead I decreased sliglitly in amplitude, and, in Lead II, increased slightly 
in amplitude. In tliis case the changes Avhich were recorded were an increase in the 
frequency of the auricular premature contractions and paroxysms of auricular 
fibrillation, auricular flutter, and auricular paroxysmal tachycardia. 

G-. S., History No. 232001, a white man, aged 52 years, was admitted to hospital 
May 25, 1939. At the age of 15 years he suffered from cough for six months, and 
during tliis period an opening in the skin over the suprasternal notch appeared, from 
which pus drained. At the age of 34 years he suffered from “double pneumonia,” 
and was told at this time that his heart was enlarged and “irregular.” He ex- 
perienced no cardiac symptoms until he was 45 j-ears of age, seven years before 
admission, when he began to suffer from swelling of the abdomen, which pro- 
gressed steadily in severity. He had never had dyspnea, orthopnea, or edema. 
The patient presented the following signs and symptoms; slight cyanosis, marked 
distention of the superficial veins, fluid in both pleural cavities, enlargement of 
the liver, and marked ascites. The heart did not appear to be enlarged, and no 
murmurs were heard. ' Auricular fibrillation was present. The blood pressure 



Pigr. 1. — Electrocardiograms of C. G. .4 was taken before anesthesia was indui^d : 
normal rhythm (Nor. Rhy.) prevailed, and one auricular premature contraction (AFv) 
was recorded in Lead II. B was taken during resection of the ribs, and shows 
paroxysmal auricular fibrillation (Aw. Fib.), followed by two auricular premamre 
contractions (APO) and then a run of auricular paroxysmal tachycardia (Aur. Par. 
Tachy.), apparently from the same focus as the auricular premature contraction m 
Lead II, in A. O was taken after closure of the chest, as the muscle flaps were being 
sutured. There were recurrence of auricular fibrillation (Aur. Pib.) and one auncuiar 
premature contraction (APO). In this figure, as well as in Fig. 2, divisions oi me 
ordinates equal 10-4 volts, and divisions of the abscissae equal 0.04 second, ine 
electrocardiograms are reduced to three-quarters of their original size. The leaus 
which are reproduced are indicated. 


measured 112/74. The radial pulse was paradoxical. The venous pressure was li3 
mm. of saline, and the arm-to-tongue circulation time was increased to 23.9 seconds 
(Decholin). Roentgenograms of the heart showed calcification of the pericardium. 
Fluoroscopic examination of the heart revealed diminished amplitude of the cardiac 
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pulsations. After suitable preoperative treatment, the thickened and partially cal- 
cified pericardium was resected from the anterior surface of the left and right 

ventricles. . 

The preoperative electrocardiogram showed auricular fibrillation, with a ventricular 
rate of 107 per minute and slight deviation of the electrical axis to the right 
(Fig. 2). The QES conduction time was within normal limits. The QES com- 
plexes in Lead I ivere split and small, in Leads II and III, slightty split. The 
T waves were positive in Lead I, diphasic in Lead II, and negative in Lead III, 
and the ES-T segments were slightly depressed in Leads II and III. The patient 
was receiving digitalis to keep the ventricular rate slow^ Auricular fibrillation 
persisted during the operation, with a ventricular rate which varied between 80 
and 100 per minute. The slight deviation of the electrical axis to the right dis- 
appeared after the ribs had been resected, but reappeared after the chest was 
closed. There was no appreciable change in the QES complexes except for a 
slight decrease in their amplitude in Leads II and III after the pericardium had 
been opened. The T rvaves changed in form and amplitude during the procedure. 
The T wave in Lead I became negative after resection of the ribs, became more 
negative during resection of the pericardium, and then became less negative after 
the wound was closed. The T wave in Lead II showed little change. The T wave 
in Lead III became diphasic after the ribs had been resected and showed small 
variations in amplitude during the progress of the operation. A single ventricular 
premature contraction was recorded in Lead II as the pleura was being resected. 
As the pericardium was being resected from the right ventricle, a single ventricu- 
lar premature contraction was recorded in Lead II; four right ventricular pre- 
mature contractions in succession in Lead III formed a short run of ventricular 
paroxysmal tachycardia, followed by a single left ventricular premature con- 
traction and then a single right ventricular premature contraction. A single right 
ventricular premature contraction was recorded as resection of the pericardium 
was completed. 



Fig. 2. — Electrocardiograms of G. S. A was taken before induction of anesthesia. 
Auricular fibrillation (Anr. Fib.) was present. B, taken during resection of the peri- 
cardium from the right ventricle, shows a run of ventricular paroxysmal tachycardia 
(Vent. Par. Taclty.), with reversion to auricular fibrillation (Aitr. Fib.). G, taken 
after completion of the operation, shows persistence of auricular fibrillation fAitr. 
Fib.) 


E. B., Historj- Ko. 233623, a white man, aged 22 years, was admitted to hospital 
Sept. 19, 1939. Two years before, he had experienced weakness and dizziness on 
sudden exertion. Swelling of tlie abdomen and frequent attacks of vomiting soon ap- 
peared. About one and one-half years before admission, he began to suffer from 
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dyspnea on exertion, edema of the feet and legs, varicose veins of the legs, and 
cyanosis of lips, finger tips, and ears. 

Examination showed cyanosis of the lips and nail beds, fluid in the left pleural 
cavity, distention of the superficial veins, enlargement of the liver (10 cm. below 
the right costal margin) and spleen (1 cm. below the left costal margin), edema 
of the legs and scrotum, and varicose veins of the legs. The heart was not 
enlarged, the rhythm was normal, the apex impulse was neither seen nor felt, the 
blood pressure was 114/88, and the pulse was paradoxical. The venous pressure 
was elevated to 186 mm. of saline, and the arm-to-tongue circulation time was 
prolonged to 25.0 seconds (Decholin). Eoentgenographic and fluoroscopic exami- 
nation did not reveal calcium in the pericardium; the cardiac pulsations were 
decreased. After suitable preoperative treatment, the thickened pericardium was 
resected from the anterior surface of the left and right ventricles. 

The preoperative electrocardiogram showed normal sinus rh3’-thm, with a rate 
of 100 per minute. Tlie QES complexes in Lead I were low and slightly split, the 
T wmves were diphasic in Leads I and II and negative in Lead III, and the E-T 
segments were slightlj^ depressed in all leads. The heart rate increased after 
the induction of anesthesia to 111 beats per minute, and tachjmardia persisted 
throughout the procedure; the rate returned to 100 beats per minute after the 
chest had been closed. There were slight changes in the amplitude and con- 
tour of the T waves and slight variations in the E-T segments during the opera- 
tion. After the induction of anesthesia, T, became positive instead of diphasic, 
and Tj became slightlj' less negati%m. T, became diphasic after resection of the 
ribs. T; increased slightlj’' in amplitude, and % became less negative after resec- 
tion of the pleura. After resection of the pericardium from the anterior surface 
of the right ventricle, T, again became diphasic and the E-T segment of Lead III 
rose to the isoelectric line. The E-T segment in Lead I returned to the isoelectric 
line, and the E-T segment of Lead III again became depressed after completion 
of the resection of the pericardium. After the chest was closed, T. and T3 became 
slightlj'' more negative. A comparison of the records taken before and after 
operation showed very little change. This patient had neither premature con- 
tractions nor other arrhj^thmias. 

P. M., Historj' No. 273718, a -n'hite man, aged 42 j'ears, was admitted to hos- 
pital Aug. 8, 1940. He had suffered from swelling of the legs and abdomen, and 
dyspnea on exertion, intermittently for twelve j'ears, and constantlj' during the 
two J'ears before admission. He had had numerous respiratorj' infections. Two 
J'ears before the onset of sj’mptoms, he had a five months’ illness which was diag- 
nosed as “influenza.” Svi'elling of the legs had been present during this illness. 
There was no historj' of rheumatic fever or chorea, or of exposure to tuber- 
culosis. He presented the following signs and sj'mptoms: dj'spnea, venous en- 
gorgement, cj'anosis, marked edema of the legs and abdominal wall, fluid in both 
pleural cavities, enlargement of the liver, and ascites. The heart did not appear 
to be enlarged on phj'sical examination, and there "was no abnormalitj' of the 
heart sounds. Auricular fibrillation prevailed. The blood pressure measured 
104/68. The radial pulse was paradoxical. The venous pressure was elevated to 
160 mm. of saline, and the arm-to-tongue circulation time (Decholin) was pro- 
longed to 19.5 sec. Eoentgenograms of the heart showed calcification of the 
pericardium over the anterior surface of the heart. Fluoroscopic and kj'mographic 
examination revealed greatlj' diminished pulsations along the right border of the 
cardiac shadow. On Sept. 15, 1940, after he had been rendered free of fluid 
accumulations bj' medical treatment, <> resection of the pericardium 'was performed. 
At operation the pericardium was found to be markedlj' thickened and partiallj' 
calcified, and the parietal pericardium was adherent to the surface of the heart. 
Eesection of the pericardium over the anterior surface of the heart was carried 
out by careful sharp and blunt dissection. 
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The preoperative electrocardiogram showed auricular librillation, with a ven- 
tricular rate of 110 per minute. The QKS conduction time was within normal 
limits. The QRS complexes were split, low, and varied in amplitude in Leads I, 
II, and III. The T waves were negative in Leads I, H, and III, and the B-T seg- 
ments were slightly depressed in Leads I and II; these abnormalities were prob- 
ably caused by the digitalis which the patient received to keep the ventricular 
rate slow. The ventricular rate increased after resection of the ribs, and tachy- 
cardia persisted throughout the procedure. There was no change in rhythm, elec- 
trical axis deviation, or in the form of the QKS complexes. The T waves in 
Lead II became diphasic instead of negative after resection of the pericardium 
over the left side of the heart had been completed, and then became negative 
again after resection over the right aide of the heart had been completed. This 
patient showed no premature contractions at any time. A comparison of the 
records taken before and at the completion of operation showed no appreciable 
change in the form of the electrocardiogram. 

J. C.,* History No. 290121, a white boy, aged 7 years, was admitted to hospital 
March 1, 1940. He had been in good health without sj'mptoms until three months 
before admission, when he suffered from a respiratory infection associated with 
cough. He gained weight rapidly, became short of breath on exertion, and the 
abdomen increased in size. Three weeks after the onset he was admitted to a hos- 
pital, where abdominal paracentesis yielded one pint of fluid. He improved on a 
regimen of rest in bed and digitalis. He was discharged against advice after 
48 days in the hospital. At home the fluid intake and activity were restricted, 
but the abdomen increased progressively in size and he continued to be short of 
breath. On admission to New York Hospital, the following signs were observed; 
slight C3’anosis of the lips, enlarged tonsils, engorgement of the neck veins, flaring 
of the ribs, moderate enlargement of the heart to left and right, normal sinus 
rhythm (rate 108 per minute), a loud systolic murmur over the precordium, best 
heard in the third left intercostal space near the sternum, signs of free fluid in 
the left pleural cavity, signs of fluid in the peritoneal cavity, and enlargement of 
the liver (the edge extended three fingerbreadths below the right costal margin 
and was not tender). The blood pressure measured 86/65. The radial pulse was 
paradoxical. The arm-to-tongue circulation time (Decholin) was increased to 
twenty-one seconds, and the venous pressure measured 207 mm. of saline. On 
fluoroscopic and roentgenkymographic examination of the heart, pulsations were 
decreased except in the pulmonarj’^ conus region. After a suitable period of pre- 
operative care, a thickened and partially calcified pericardium was resected from 
the anterior surface of the left and right ventricles. 

The preoperative electrocardiogram showed normal sinus rhj'thm and sinus 
tachycardia, with a ventricular rate of 167 per minute. The P-E and QES con- 
duction times were within normal limits, there was no abnormal axis deviation, 
the QES complexes were split and low in all leads, T,, , were diphasic, and T^ 
was negative. During operation the heart rate became somewhat slower; it varied 
between 140 and 150 per minute, but normal sinus rhythm persisted. The ampli- 
tude of the QES complexes in Leads I and II varied slightly, but showed no ap- 
preciable change in form. This patient exhibited neither premature contractions 
nor other arrhythmias, nor was there any significant change in the form of the 
T waves and E-T segments during resection of the pericardium. 

DISCUSSION 

The electrocardiograms in these six cases (Table I) showed premature 
contractions and paroxysms of abnormal rhythms as the most striking 
changes during pericardieetomy. Two patients who had anrienlar fibril- 


•tVe wish to thank Dr. Elvira Ostlund for referring this patient to us. 
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STEWART AND BAILEY ; CHRONIC CONSTRICTIVE PERICARDITIS 17 1 

lation showed ventricular premature contractions and short runs of ven- 
tricular paroxj^smal tachycardia (J. P. and G. S.), and one patient with 
normal sinus rhjdhm showed auricular premature contractions, auricular 
paroxysmal tachycardia, and paroxysms of auricular fibrillation and 
auricular flutter (C. G.)> lu two cases of noi’mal sinus rhythm there 
were neither premature contractions nor other arrhythmias (B. B. and 
J. C.), and in one ease (P. M.) of auricular fibrillation neither premature 
contractions nor other changes in rhythm occurred. In three cases (G. S., 
E.B., and P.M.), the T waves changed moderately in form and ampli- 
tude during the operation, and in cases E.B. and P.M. the T waves 
returned to their preoperative form after closure of the wound. In none 
of the cases ivere there significant changes in the R-T segments. The 
absence of more marked changes in the T waves and R-T segments ap- 
peared to indicate that, during resection of the thickened and adherent 
pericardium, there was only slight damage to the myocardium, even 
though this involved dissecting the visceral pericardium from the heart 
muscle. The changes which appeared were transient. The arrhythmias 
which were recorded were premature contractions, singly and in groups, 
and short paroxysms of ventricular tachycardia, auricular paroxysmal 
taehjmardia, auricular fibrillation, and auricular flutter. These arrhyth- 
mias were of short duration and did not recur in the postoperative pe- 
riod. The signs of congestion that were present before operation showed 
no marked increase, and eirculatoiy failure did not develop following 
operation. In the two cases of auricular fibrillation, the paroxysmal 
rhythms were ventricular in origin. On the other hand, in the one case 
of normal sinus rhythm, the paroxysmal rhythms ivere auricular in 
origin-, namely, auricular fibrillation, auricular flutter, and auricular 
paroxysmal tachycardia. 

The changes in the electrocardiograms of these six patients were simi- 
lar, in part, to those reported by Feil and Rossman^® in a series of eight 
cases of chronic constrictive pericarditis. However, the paroxysms of 
auricular tachycardia, auricular fibrillation, and auricular flutter which 
occurred in ease C. G. did not appear in their series, and the transient 
ventricular fibrillation, nodal rhythm, and shifting pacemaker which 
tliey observed did not occur in our cases. They also recorded changes in 
the S-T segments in three of their cases which did not occur to any sig- 
nificant degree in our series. 

The abnormalities in rhythm which we recorded during resection of 
the pericardium disappeared promptly ivith cessation of manipulation, 
or of traction, or of dissection, of the heart. Judging from observation 
of the hearts during operation, and because of the brief duration of the 
irregularities, we did not think it necessary to give quinidine to any of 
the 13 patients^® who were subjected to pericardiectomy. As experience 
increased it did not appear to be indicated as a routine procedure. In 
one of our 13 cases (not one of the six now being reported), arrhythmia 
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occurred frequently during one stage of the resection. The use of pro- 
caine locally did not appear to decrease the irritability of the muscle. 
Serial electrocardiograms which were taken for months after operation 
showed surprisingly few changes in the form of the T waves and R-T 
segments. 


SUMMARY 

1. Electrocardiograms which were taken before, and at intervals dur- 
ing, resection of the pericardium in six cases of chronic constrictive peri- 
carditis have been descri])ed. 

2. Two patients who had auricular fibrillation developed both right 
and left ventricular premature contractions and short runs of ventricular 
paroxysmal tachycardia. In one ease of noimial sinus rhythm, auricular 
premature contractions which had been present beforehand increased in 
frequency. Moreover, paroxysms of auricular fibrillation, auricular flut- 
ter, and auricular paroxysmal tachycardia were recorded. Two patients 
with normal sinus rhythm and one with auricular fibrillation developed 
neither premature contractions nor other changes in rhythm. In only 
one ease did the electrocardiograms which Avere taken before and after 
operation sIioav apprecialfie changes in the amplitude and form of the 
T Avaves. 

3. These obseiwations demonstrate the remarkable amount of manipn- 
lation and mechanical stimulation of its surface that the heart can toler- 
ate AAUthout the occurrence of prolonged abnormalities of rhjdhm and 
AATthout embarrassment of its function. These observations should give 
assurance to surgeons aaRo undertake the surgical treatment of chronic 
constrictive pericarditis. 
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THE SPA TEBATMENT OP THEOMBOANGIITIS OBLITERANS 

T, J. Patherree, M,D., and Cecil Hurst, M.D. 

Soap Lake, Wash. 

T he town of Soap LaJie, Wash., is unique with regard to the number 
of its citizens who have thromboangiitis obliterans. An unofficial 
report of the 1940 census credits Soap Lake with a population of 619, 
and between the months of January and July, 1940, inclusive, thirty- 
four persons with thromboangiitis obliterans were residing at Soap Lake. 
Thus, during this period, there was approximately one person with this 
uncommon disease to every eighteen residents of the town. This high 
incidence of thromboangiitis obliterans is explained by the fact that the 
town of Soap Lake is situated on the shores of a mineralized body of 
water known as Soap Lake, which has acquired a degree of popularity 
as a spa which influences thromboangiitis obliterans favorably. In re- 
cent years many persons with this disease have come to Soap Lake with 
the hope of obtaining relief by taking baths in the lake, and drinking its 
mineral water, and some of these people have remained as residents of 
the town. 

In 1939, the State of Washington founded the McKay Memorial Re- 
search Hospital for the purpose of studying the problem of thrombo- 
angiitis obliterans, -with particular reference to the therapeutic effect of 
the water of Soap Lake and the climate of the Soap Lake vicinity on this 
disease. In order to throw as much light as possible on this problem, 
we have made a study, consisting of careful lustorical records and physi- 
cal examinations, of the patients Avith thromboangiitis obliterans Avho 
reside at Soap Lake. It Avas felt that such a study should shoAV AAffiether 
or not the patients might have received any considerable benefits as a 
result of this type of therapy and should thus tend to clarify the ques- 
tion Avhieh has been raised concerning the effectiAmness of the spa treat- 
ment of thromboangiitis obliterans at Soap Lake. The results of this 
study constitute the basis of this report. 

Soap Lake, Avhieh is approximately 864 acres in area, is situated at 
the mouth of the Grand Coulee, in the Walla Walla Plateau region of 
central Washington, a part of the liasin of the Columbia Eiver. The 
elevation is approximately 1,065 feet above sea leAml. A summary of a 
chemical analysis of the surface Avater of Soap Lake, made in March, 
1939, by NcAAdiall,^ Chemical Engineer for the Washington State Board 
of Health, is given in Table I. 

The climate® of the Soap Lake region throughout spring, summer, and 
fall is characterized by much sunshine and scant precipitation. The 
humidity is comparatively high in the Ailnter, AAdiereas in the AA^armer 

From the McKay Memorial Research Hospital, Soap Lake, AVashington. 
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Table I 



PARTS per million 

PER CENT SOLIDS 

Sodium 

13,836.95 

38.04 

Carbonate 

7,000.00 

19.24 

Sulphate 

6,572.00 

18.07 

Clvloritle 

4,437.00 

12.20 

Bicarbonate 

4,280.00 

11.77 

Silica 

74.00 

0.20 

Magnesium 

52.40 

0.14 

Potassium 

36.37 

0.10 

Organic nitrogen 

33.10 

0.09 

Calcium 

7.27 

0.02 

Oil (ichthyol-like) 

29.90 

0.08 


Aluminum, iron, copper, rubidium, lithium, and fluoride were detected in minute 
amounts. 


portion of the year it is moderate to low, and, on summer afternoons, 
it is generally from very low to exti‘emel.y low. The winter temperatures 
are at times quite low, whereas the summer temperatures frequently 
reach very high levels. Generally speaking, from May through Sep- 
tember the days are bright, hot, and dry. However, during the late 
fall, winter, and early spring these conditions do not prevail, and there 
is likely to be a considerable amovmt of cold aird dampness, with a less 
abundant supply of sunshine. 

The treatment used by the patients included in this study consisted 
of baths in the water of Soap Lake, drinking the lake water, varying 
amounts of rest and exposure to the sun, and daily dressings of the 
ulcerative and gangrenous lesions by the patients themselves. Baths 
were taken in the lake proper during the hot summer months, and as 
warm tub baths for periods of twenty to thirty minutes. In addition, 
foot soaks in the lake water were frequently used for the treatment of 
ulcerative and gangrenous lesions. It should be emphasized that, aside 
from the prescribing of narcotics and the performance of amputations 
l>y physicians, these patients received practically no medical supervision. 

RESULTS OP STUDY 

At the time of this study, -which w-as made during the months of 
January to July, 1940, inclusive, thirty-four persons with thrombo- 
angiitis obliterans were residing at Soap Lake. We obtained the co- 
operation of thirty -two of these for the purpose of this investigation. 
All of the patients were men. Data on all patients -with vasospastic 
disturbances, arteriosclerosis obliterans, and other types of peripheral 
vascular disease, when there rvas any doubt about the diagnosis, have 
been excluded from this report to the best of our ability. 

Inquiry was made of all patients concerning the diligence with which 
they took the hydrotherapy under investigation, namely, bathing in, and 
drinking the water of Soap Lake. Thirty-one (97 per cent) of the pa- 
tients stated that they had taken baths three to four times weekly, or 
oftener, either throughout their residence at Soap Lake, or for consider- 
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able periods of time after the beginning of their residence. At the time 
of the inqniiy only three of the patients (Cases 6, 30, and 31) stated 
that they no longer bathed in the water of Soap Lake. However, these 
patients had taken daily baths for twenty-five months, twenty-seven 
months, and two months, respectively, before discontinuing them. An- 
other exception (Case 8) stated that he had taken one to two baths 
weekly throughout his residence at Soap Lake, 

Fourteen of the subjects (43.8 per cent) stated that they had drunk 
water from Soap Lake dail.y during their residence; five (Cases 6, 9, 19, 
29, and 31) had drunk it daily for periods of twenty-five months, two 
weeks, twelve months, eight jmars, and tivo months, respectively, before 
discontinuing it entirely; thr'ee (Cases 1, 17, and 30) had drunk it daily 
for twelve months and afteinvard one to two times weekly; seven had 
drunk it regularty tliree to four times ■weekly throughout their residence 
at Soap Lake; one (Case 15) had drunk it three to four times weekly 
for nine years, and subsequentty one to two times iveekly; one had 
drunlc it one to t-wo times -weekly throughout his residence; and one, just 
occasionally. 

Thus, it is apparent that, on the Avhole, the patients took the hydro- 
therapj’- -^idth a fair degree of consistency and diligence. 

The economic status of these thirty-t-wo persons during their residence 
at Soap Lake -was as follows: Eight ivere self-supporting; five depended 
upon insurance payments for a part of, or their entire, support ; ten were 
veterans of the World War and received governmental support; eight 
received aid from the county ivelfare department and ivere dependent 
either partly or entirely upon this aid for their support; and one was 
supported by his family. 

THE FACTORS OF AGE, RACE, AGE AT ONSET OF SYMPTOMS, DURATION OF 
SYMPTOMS PRIOR TO BEGINNING RESIDENCE AT SOAP LAKE, PERIOD OF 
RESIDENCE AT SOAP LAKE, AND THE EXTENT OP SMOKING 

The youngest patient wms 27 yeai’S of age and the oldest, 56; the 
average age of all the patients ivas 42.28 years. It is of interest that 
none of the patients -was Jeivish. The youngest age at onset of symp- 
toms ivas 19 years, the oldest, 49, and the average, 29.41 years. The 
shortest period of duration of symptoms prior to the beginning of the 
patient’s residence at Soap Lake -was one year, the longest, tiventy-two 
years, and the average, ten years. The time of residence at Soap Lake 
varied from seven months to ten years, and the average was 2.67 years. 
Some of the patients were away from Soap Lake during their period 
of residence for varying lengths of time, as follows: Case 1, seven 
months; Case 10, t-wo months; Case 18, four months; Case 25, one 
month; Ca.se 26, four months; Case 27, twenty-eight months; Case 29, 
forty months'; Case 31, twenty months; and Case 32, six months. 
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Smokers were classified as follows: Grade I, five cigarettes, or less, 
daily; Grade II, five to fifteen cigarettes daily; Grade III, fifteen to 
twenty-five cigarettes daily; Grade IV, more than twenty-five cigarettes 
daily. All of the patients were smokers at one time or another. Before 
beginning their residence at Soap Lake, two (6.3 per cent) ivere Grade I 
smokers, nine (28.1 per cent) were Grade II smokers, eighteen (56.2 per 
cent) were Grade III smokers, and thi’ee (9.4 per cent) were Grade IV 
smokers. One (Case 10) quit smoking six years, and another (Case 24) 
eighteen months, prior to beginning residence at Soap Lake. Neither 
of these patients resumed smoking. During their Soap Lake residence, 
four patients, 12.5 per cent) were Grade I smokers, seven (21.9 per 
cent), Grade II, sixteen (50 per cent), Grade III, and one (3.1 per 
cent), Grade IV, while four of the patients (Cases 2, 10, 18, and 24) did 
not smoke at all. 

THE FACTOR OF OCCUPATION 

Originally, twenty-two (69 per cent) of these patients were engaged 
in occupations requiring manual labor, and ten (31 per cent were en- 
gaged in sedentary occupations. Twelve patients (37 per cent) were 
employed at their usual occupations until the time of their arrival at 
Soap Lake; seven (22 per cent) had modified their occupations on an 
average of 3.2 years before coming to Soap Lake; and thirteen (41 per 
cent) had given up their occupations completely on an average of 3.9 
years before coming to Soap Lake. On the other hand, during their 
residence at Soap Lake only five patients (16 per cent) were engaged in 
their usual occupation, nine (28 per cent) in a modified type of occupa- 
tion, and eighteen (56 per cent) did no Avork at all. In all instances a 
modification of occupation resulted in work requiring less physical ac- 
tivity. 


THE OCCURRENCE OF SUPERFICIAL THROMBOPHLEBITIS BEFORE AND DURING 

SOAP LAKE RESIDENCE 

Twenty -one patients (66 per cent) had recurrent attacks of superficial 
phlebitis prior to their residence at Soap Lake, and twenty (62.5 per 
cent) had recurrent attacks during their Soap Lake residence. Of the 
twenty-one patients Avho had phlebitis prior to living at Soap Lake, six- 
teen (76 per cent) continued to have recurrent attacks during their 
residence at Soap Lake. Of the sixteen patients who continued to have 
recurrent attacks of phlebitis while residing at Soap Lake, nine had 
phlebitis at the same rate of frequency, one had it more often, and six, 
less frequently. Of the eleven patients who had no phlebitis prior to 
residence, four developed phlebitis after coming to Soap Lake. Seven 
of the patients who had no phlebitis prior to coming to Soap Lake did 
not develop it while residing there. Of the twenty patients ivho had 
phlebitis Avhile residing at Soap Lake, ten (50 per cent) had recurrent 
attaelis over a period constituting 90 to 100 per cent of the time spent 
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at Soap Lake, two (10 per cent), 80 to 89 per cent, three, 70 to 79 per 
cent, three, 60 to 69 per cent, one, 50 to 59 per cent, and one over a 
period constituting 40 to 49 per cent of the time spent at Soap Lake, all 
dating from the beginning of residence. Thus, fifteen (75 per cent) of 
the patients had phlebitis for periods greater than 69 per cent, whereas 
only five (25 per cent) had phlebitis for periods less than 69 per cent 
of the time spent at Soap Lake, dating from the beginning of their 
residence. 

THE OCCURRENCE OF ULCERATION AND GANGRENE AND THE INCIDENCE AND 
TIME OP HEALING OP THESE LESIONS BEFORE AND DURING 
SOAP LAKE RESIDENCE 

For the purpose of simplification, ulceration and gangrene are spoken 
of here as occurring in attacks. An attack of ulceration with or udthout 
gangrene was defined arliitrarily as a lesion consisting of either ulcera- 
tion, gangrene, or both, on one extremity, or one or more lesions at the 
same time on the same extremity. Thus, if one toe became gangrenous 
or ulcerated and subsequently another area of the same foot became 
ulcerated or gangrenous before the initial lesion had healed or had led 
to amputation, the entire process to tlie point of healing or amputation 
was considered as a single attack. However, if two extremities were in- 
volved at one time, the lesions were considered as constituting two at- 
tacks, Postoperative ulceration or gangrene -which failed to heal after 
a major amputation, so that reamputation was necessary, or persisted 
for a period of more than three months, was considered as constituting 
an attack different from the lesion for ivhich the amputation was per- 
formed. However, failure of the lesion to heal after a minor amputation 
was not considered an attack different from that for which the amputa- 
tion was performed. Twenty-nine patients (91 per cent) had a total of 
125 attacks of gangrene witli or without ulceration prior to coming to 
Soap Lake, whereas seventeen patients (53 per cent) developed a total 
of thirty-seven attacks of gangrene with or without ulceration during 
their Soap Lake residence. Inasmuch as the average duration of the 
disease prior to Soap Lake residence was ten years, and the average time 
of residence of these patients at Soap Lake was 2.67 years, the patients 
obviously had more time to develop ulceration and gangrene before 
their arrival at Soap Lake than during their stay there. Hence, the 
development of ulceration and gangrene was computed on the basis 
of the average number of attacks per patient per average number of 
years of duration of symptoms for the periods before and during Soap 
Lake residence. This computation was made, first, by dividing the total 
number of attacks of gangrene ivith or without ulceration in a given 
period by the total number of patients in the series, for the purpose of 
obtaining the average number of attacks of ulceration with or without 
gangrene per patient. This figure was then divided by the figure repre- 
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senting the average duration, in years, of the period being investigated. 
The result represents the average number of attacks of ulceration with 
or without gangrene per patient per average number of years of dura- 
tion of the period being investigated. When computed on this basis, 
it was found that the average number of attacks per patient per average 
number of years of duration of the disease prior to Soap Lake residence 
was 0.39, whereas the figure calculated on the same basis for the duration 
of residence at Soap Lake was 0.43. 

Of the twenty-nine patients who had 125 attacks of ulceration with 
or without gangrene prior to the beginning of Soap Lake residence, 
fifteen recovered from thirty-six attacks (29 per cent) prior to coming 
to Soap Lake, whereas eighty-nine attacks (71 per cent) which developed 
in twenty-five cases prior to residence at Soap Lake failed to heal, and 
either led to amputation or were still pi’esent ivhen tlie patients came to 
Soap Lake. Of the fifteen patients with one or more attacks of ulcera- 
tion witli or without gangrene from which they recovered, we obtained 
data on fourteen concerning how long it took to recover; the average 
time was 4.3 months. 

Of the seventeen patients who had a total of thirty-seven attacks of 
ulceration with or without gangrene while residing at Soap Lake, thir- 
teen recovered from twenty -four attacks (65 per cent) in an average 
time of 5.8 months, whereas thirteen attacks (35 per cent) in nine cases 
continued and either led to amputation or were still present when the 
patients were interviewed by us. 

The time of appearance of the thirty-seven attacks of ulceration after 
beginning residence at Soap Lake was as follows: Eight developed 
within the first six months; eight, within seven to twelve months; nine, 
within the second year; seven, within the third year; three, within tlie 
fourth year; and two, within the ninth year. 

Of the twenty-five patients who developed ulceration with or without 
gangrene which failed to heal prior to coming to Soap Lake, eighteen 
had a total of twenty-five attacks on arrival. Fourteen patients re- 
covered from seventeen attacks (68 per cent) in an average time of 8.4 
months, and five patients did not recover from eight attacks (32 per 
cent). 

THE INCIDENCE OF AMPUTATION BEFORE AND DURING SOAP LAKE RESIDENCE 

The total number of patients who had liad amputations, either major, 
minor, or both, prior to beginning residence at Soap Lake was sixteen 
(50 per cent). During this period there were twenty-seven major ampu- 
tations in fifteen cases (47 per cent), and forty-five minor amputations 
in eight cases (25 per cent), making a total of seventy-two amputations 
in sixteen cases. The average number of major amputations per patient 
was 0.843, whereas the average number of major amputations per pa- 
tient per average number of years of duration of the disease prior to 
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the beginning of Soap Lake residence was 0.08. In comparison to this, 
during their residence at Soap Lake ten patients (31 per cent) had a 
total of sixteen. amputations. Eight patients (25 per cent) had a total 
of twelve major amputations, and two (6 per cent) had a total of four 
minor amputations. The average number of major amputations per 
patient during Soap Lake residence was 0.38, whereas the average num- 
ber of major amputations per patient per average number of years of 
residence was 0.14. 

The intervals between beginning residence at Soap Lake and major 
amputations were as follows : One patient had two major amputations 
during the first six months; two had amputations within seven to twelve 
months; two had three amputations in the second year; three had four 
amputations in the third year; and one had an amputation in the fourth 
year of residence. The minor amputations were distributed as follows: 
One in the first six months and three within seven to twelve months. 

Of the entire group of thirty-two patients, nineteen (59 per cent) had 
had major amputations at the time this survey was made. 

THE PROGRESS OP INTERMITTENT CLAUDICATION AT SOAP LAKE 

Tw'entj’'-three (72 per cent) of the thirty-two patients stated that they 
had had intermittent claudication on arrival at Soap Lake. During 
their residence, seven (30.4 per cent) improved, eleven (47.8 per cent) 
remained the same, five (21.7 per cent) became worse, and one patient, 
who did not have claudication prior to residence, developed it. 

THE OCCURRENCE OF ARTERIAL OCCLUSION IN PATIENTS RESIDING AT 

SOAP LAKE 

During the period from Julj’', 1939, to July, 1940, we observed four 
patients who had an extension of their arterial occlusion between the 
time of the initial and subsequent examination. In August, 1939, one 
patient (Case 1) had normal pulsations in the popliteal and dorsalis 
pedis arteries on the left. In September, 1939, he developed an acute 
arterial occlusion, with absence of pulsation in the left popliteal and 
dorsalis pedis arteries. Massive gangrene of the left foot developed, 
necessitating amputation two weeks later. This patient had resided 
at Soap Lake seventeen months at the time of the acute arterial occlu- 
sion. Another patient (Case 4) was first examined klarch 23, 1940, at 
which time the pulsation in the right radial artery was normal. The 
pulsation in the left ulnar artery was graded II (IV representing a nor- 
mal pulsation, and 0, no pulsation). The popliteal artery on the left 
was graded II. The patient was subsequently examined May 25, 1940, 
after he had resided thirty -one months at Soap Lake. At this time the 
right radial, the left ulnar, and the left popliteal arteries did not 
pulsate. The history given at this time was of an acute arterial occlusion 
approximately one week previously, involving the left lower extremity. 
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Siibsecjiiently, he developed severe rest pain and gangrene of the left 
great toe. Another patient (Case 22) was first examined April 12, 
1940, at wliich time tlie radial artery on the right did not pulsate, hut 
the ulnar artery on the right pulsated normally. Subsequent examina- 
tion, ]\Iay 14, 1940, after he had resided for twenty-eight months at >Soap 
Lake, showed absence of pulsation in the right ulnar artery. The pa- 
tient subsequently developed ulceration of the right index finger. The 
fourth patient (Case 23) was first examined in October, 1939, at which 
time the left radial artery pulsated normally. When, examined Dee. 
13, 1939, after he had resided for five months at Soap Lake, the left 
radial artery did not pulsate. Subsequently the patient developed an 
ulcer of the left index finger. 

I’HE OPINION OF THE PATIENTS AS TO THEIR PROGRESS AT SOAP LAKE 

Twenty-five of tlie patients stated that tliej' had obtained substantial 
.symptomatic relief; five, that they had noticed no sjmiptomatie improve- 
ment; and two, that they were undecided with regard to the question of 
symptomatic improvement. 

> COaiJIENT 

We have presented the re.sults of a study of tliirty-two patients with 
thromboangiitis obliterans residing at Soap Lake for the purpose of 
attempting to evaluate the effectiveness of the spa treatment of this 
disease at Soap Lake. The opportunity for this type of study was ex- 
cellent because the patients had subjected themselves to the treatment 
over relatively long periods of time, and had not used any other kind of 
treatment, and because we had opportunity to interview and examine 
them. 

A consideration of the smoking factor, as it applied to the patients 
before and while residing at Soap Lake, shows that a large percentage 
of the patients smoked both liefore and after coming to Soap Lake, and, 
therefore, this factor could hardly be considered of importance in so far 
as it might have affected the comparative progress of the disease before 
and during residence at Soap Lake. 

When the group was considered from the occupational standpoint, the 
conditions were somewhat more favorable during their residence at 
Soap Lake than they were prior to arrival, for more of them were doing 
no work at all, and fewer of them were engaged in their usual occupa- 
tions. 

Perhaps the most convincing evidence against the specificity of the 
treatment available at Soap Lake foi’ thromboangiitis obliterans is the 
data regarding the occurrence of recurrent plilebitis before and during 
icsidence at Soap Lake, and the fact that four patients had a progression 
of tlieir arterial occlusion after comsiderablc periods of residence at 
Soap Lake. Hie fact that 63 per cent of these patients continued to 
have phlebitis after coming to Soap Lake and that 75 per cent of the 
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patients who did have phlebitis had it over periods of 70 per cent or 
more of the time which they spent at Soap Lake indicates that tlie treat- 
ment available at Soap Lake does not arrest the activity of the disease. 

A consideration of the ulcerative and gangrenous lesions of these pa- 
tients before and after coming to Soap Lake is of interest. A computa- 
tion of the rate of development of nleerative or gangrenous lesions per 
patient per average number of years of duration of the disease for the 
periods representing the duration of the symptoms before and during 
Soap Lake residence indicates that the patients developed these lesions 
at a slightly greater rate after thej'^ came to Soap Lake. It is well ap- 
preciated tliat these figures impl.y trends, rather than mathematical 
exactness, because there are many factors which might influence them. 
However, thej’- are of value in showing that the treatment of thrombo- 
angiitis obliterans at Soap Lake, under the conditions which have been 
described, does not influence appreeiabl.y the development of ulceration 
and gangrene. 

It is of interest that, of the ulcerative and gangrenous lesions which 
developed in these eases before the patients came to Soap Lake, 71 
per cent failed to heal prior to the beginning of residence. In contrast 
to this, of the twentj^-five separate instances of ulceration or gangrene 
which were present in eighteen patients upon their arrival at Soap 
Lake, seventeen (68 per cent) in fourteen patients healed in an aver- 
age time of 8.4 months after aiTival, and eight (32 per cent) in five 
patients failed to heal. The lesions of three of the patients which failed 
to heal led to one minor and two major amputations, and the lesions of 
the remaining two patients were still present at the time of this survey. 
Furthermore, of the thirty-seven attacks of ulceration witli or without 
gangrene which developed in seventeen patients during their residence 
at Soap Lake, Lventy-four attacks in thirteen patients (65 per cent) 
healed in an average time of 3.8 months, and thii’teen attacks (35 per 
cent) in nine patients failed to heal. The lesions of seven of the patients 
which failed to heal led to nine major and three minor amputations, 
while the lesions of two of the patients were still present at the time 
of the survey. 

Thus, there were sixty-two attacks of ulceration with or without 
gangrene in twenty-four patients who were subjected to the form of 
treatment under consideration. Of these, forty-one (66 per cent) healed 
and twenty-one (34 per cent) failed to heal. 

TAventy-five per cent of the patients included in this study had major 
amputations during their residence at Soap Lake. A computation of 
the number of major amputations per patient per average year of 
residence shows that the rate of major amputation Avas somcAvliat higher 
in these patients during residence than Avas the case prior to their resi- 
dence at Soap Lake. 
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Foi’ comparison, it may be noted tbat McKittrick^ reported that 31 
per cent of the patients with thromboangiitis obliterans who were ad- 
mitted to the Massachusetts General Hospital from 1929 to 1939 bad 
major amputations before leaving the hospital, and Horton^ stated that 
15.6 per cent of the patients with thromboangiitis obliterans who were 
treated at the Mayo Clinic from 1907 to 1937, inclusive, had amputations 
at the clinic. In this connection, Silbert® has stated that, before the 
institution of modern types of therapy, 60 per cent of the patients with 
ulceration or gangrene had amputations. However, Samuels® reported 
treating more than 300 patients Muth tliromboangiitis obliterans without 
having to do more than one major amputation, and Silbert reported an 
amputation incidence of only 6.4 per cent in a series of 687 eases in 
which the patients were treated Avith hypertonic saline intravenousljL 

The explanation for the popularity of Soap Lake as a spa for the 
treatment of thromboangiitis obliterans undoubtedly lies in the con- 
siderable percentage (66 per cent in the eases included in this study) 
of gangrenous and ulcerative lesions Avhich heal Avhile the patients are 
treating themselves at Soap Lake. 

It is remarkable that these patients, who were practically without 
medical supervision, and who, for the most part, smoked excessively, 
progressed as favorably as they did. To what extent, if any, the spa 
treatment has influenced the progress of the disease is difficult to say. 
HoAvever, in our opinion, the frequent healing of gangrenous and ulcera- 
tive lesions at Soap Lake emphasizes the ever-present tendency that 
these lesions have toward healing, provided they are kept at rest, kept 
clean, and not subjected to meddlesome surgical procedures. 

Any attempt to evaluate the beneficial effects of taking baths and 
foot soaks in the water of Soap Lake on the gangrenous and ulcerative 
lesions of thromboangiitis obliterans is hampered greatl.y by the fact 
that, practically, it is impossible to treat the lesions with this measure 
alone. The very nature of the lesions demands a certain amount of rest. 
The tendency on the part of the patient, however, is to give the major 
share of the credit for the healing of a lesion to the particular type 
of treatment which was being used Avhen healing occurred. This tend- 
ency is not peculiar to patients, for it may be observed frequently in 
medical reports concerning the treatment of thromboangiitis obliterans 
and other chronic diseases. For instance, if patients with gangrenous 
and ulcerative lesions are treated with rest in .bed, heat, foot soaks, and 
typhoid vaccine intravenously, to give a specific example, the tendency 
on the part of the observer, frequently, is to give the major share of the 
credit for any healing which occurs to the more sjiectaeular part of tlie 
treatment, which in this instance happens to be typhoid vaccine. 
Specious reasoning of this type impedes rather than liastens the reason- 
able evaluation of therapy. The observations reported here serve, it 
seems to us, to emphasize the well-knoAvn but often disregarded fact 
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that the majority of the gangrenous and ulcerative lesions of thrombo- 
angiitis obliterans, if kept at rest, kept clean, and spared the trauma 
incident to ill-advised local surgical procedures, will heal of their own 
accord. 


CONCLUSIONS 

1. This study indicates that the spa treatment of thromboangiitis 
obliterans at Soap Lake, Washington, is not a specific treatment for this 
disease. 

2. The ulcerative and gangrenous lesions of the patients who were 
studied healed in a large percentage of cases. 
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THE SIGNIFICANCE OF LOAV VOLTAGE OP THE QRS 
COMPLEX IN PRECORDIAL LEADS 

Comparison With Low Voltage in Limb Leads 

Samuel Bellet, j\I.D., and Alfred Kershbaum, M.D. 
Philadelphia, Pa. 

T he significance of low voltage of the QRS complexes in the limb 
leads of the electrocardiogram has been discussed by many observers.’ 
There can be little question that, in many instances, low voltage com- 
plexes are a result of severe myocardial disease. However, this is by no 
means always so, for complexes which are definitely below the accepted 
limits of normal are often observed when there is only slight myocardial 
involvement, and even when the heart is normal. Although Willius and 
Killins® attributed to mj'oeardial disease the low voltage which they 
found in 32 per cent of 140 eases, they feel that low voltage which is 
unassociated with other graphic abnormalities neither indicates serious 
myocardial disease necessarily, nor, ipso facto, is of serious prognostic 
import. The diagnosis of myocardial disease, although it may be sug- 
gested, cannot be made positively upon the evidence of low voltage alone. 

As far as we are aware, the literature contains no study of the sig- 
nificance of low voltage of the QRS complexes in precordial leads. 
The lack of correspondence between the amplitude of different 
precordial leads and that of the limb leads is well recognized.®’ ® 
Usually, low voltage in the limb leads, even ivhen it results from severe 
myocardial disease, is accompanied by normal voltage in the precordial 
leads. Much less frequently have we observed that loiv voltage was 
present in both limb and precordial leads. The present study is an at- 
tempt to evaluate the factors which are responsible for this agreement, 
and the significance of curves in which the voltage of the QRS complexes 
is low in both limli and chest leads. 


siethod 


For this study, twenty cases of low voltage in both limb and precordial leads, 
in which our studies were complete, were collected. The observations in this group 
were compared with those in fifty consecutive cases in whicli tiiere was low voltage in 
the limb leads and normal voltage in the precordial leads. In addition, .300 normal 
subjects were e.vamined for the possible presence of low voltage in the limb and 
precordial leads. Since pericardial disease, both with effusion and of the adlierent 
type, is sometimes associated with low voltage, the electrocardiograms of seventy- 
seven patients with tliis disease were also reviewed. 
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The voltage was regarded as low when the greatest deflection of the QES complex 
did not exceed 5 to 6 mm. in either direction from the isoelectric line. This is in 
accord vrith the criteria of Sprague and "Wliiteje although Pardee’ sets the lower 
limit of normal as 7 mm.* 

Just as one does not rely upon a single lead to establish low voltage in the limb 
leads, one should not rely upon a single precordial lead. All of the electrocardiograms 
included in our series were taken by the old methods of applying the precordial 
electrodes, i.e., old Lead IV, V, ITJ were used (Pigs. 1 to 6). Therefore, in 
all of the cases both an anteroposterior chest lead (CB lead) and an apex to left 
leg lead (CP lead) were taken. The voltage was regarded as low' when the amplitude 
of the QES complex in all of the precordial leads did not exceed 5 to 6 mm. in either 
direction from the isoelectric line. How important it is to use CB and CP leads 
is illustrated by Pig. 2 . Lead IV (or r\^B reversed) is of considerable amplitude; 
Lead V (IVF reversed) has a voltage of only 5 mm. The above emphasizes the 
fact that the voltage in the precordial leads should not be regarded as low unless 
anteroposterior (CB leads), as well as apex to left leg (CP leads), have been taken.l 
In Pigs. 3 to 6, although different precordial leads were taken, only one precordial 
lead (CB), that displaying the greatest amplitude, is shown. 

All tracings were carefully standardized so that the string yielded a deviation of 
1 cm. for each millivolt of current. Patients were eitlier in the recumbent or sitting 
position while the electrocardiograms were being taken. In serial tracings on any one 
patient, the same position was always assumed. 


OBSERVATIONS 


The data on the tiventj’' cases in which there was low voltage in both 
the precordial and limii leads are summarized in Table I, and show two 
rather striking things. The first was the fact that severe myocardial 
damage was present in all of the twenty cases (100 per cent), as shown 
by clinical examination, the electrocardiogram, and, in three instances, 
b}’' necropsy studies. Eleven of the patients (55 per cent) died during 
the period of observation in the hospital. The second noteworthy point 
was the large number of instances of myocardial infarction (eleven cases, 
55 per cent). Of these, infarction involving the anterior and posterior 
portions of the heart was present in five cases§ (25 per cent), and 
anterior infarction alone in six cases. The possible significance of these 
facts will be discussed subsequent^. In the remaining cases the etiology 
was as follows: arteriosclerotic, five; rheumatic, two; sjqihiiitic, one; 
and tuberculous pericarditis, one. Clinically manifest edema of various 
degrees was present in nine (45 per cent) of these cases. 

In this series, seventeen patients had electrocardiographic changes 
which were characteristic of myocardial disease, in addition to the low 


♦Low voltage in the limb leads may occasionally be produced as an 
some fault in the electrocardiographic apparatus. We have also occasionaliy oosenea 
its appearance in precordial leads as a result of faulty application of the 
electrode. We believe that neither of these factors applies in any of our 
most of these cases, the low voltage -was observed in repeated electrocardiograpmc 
tracings over a considerable period of time. 

tLead IV is IVB reversed.® Lead V is IV’-p reversed. In Lead VI, left arm 
electrode is placed at the angle of the left scapula and the left leg electrode on 
left leg. 

Jin addition to CB, CR was taken. Occasionally this may be slightly greater m 
amplitude than CB. , • 

§Three of these patients came to necropsy, which revealed extensive infarction in- 
volving both the anterior and posterior wall of the left ventricle. 
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'Fig. 1 Note low voltage In limb leads, normal voltage in precordial leads. (A) 

A.B., aged 53. Arteriosclerotic cardiovascular disease, congestive failure with edema. 
(JB) A.S., aged 83. Arteriosclerotic cardiovascular disease, posterior myocardial 
intai'ction, slight edema. (0) A.S., aged 70. Becent anterior infarction, no edema. 






















„ Fig. 2.— Shows the marked difference in voltage between IVB reversed (old Lead 
IV) and F reversed (old Lead V). F.S., aged 54. Anterior myocardial infarction. 
Lote tlic higli voltage of the QRS in Lead IV (reverse of IVB) and low amplitude in 
Lead V (reverse of IVP). Tills figure illustrates the importance of taking II'B 
before stating tliat the amplitude of the precordial lead is low. 
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Fig'- 3. — (A) Case 6; (Table I) Rheumatic heart disease, congestive failure. :('B) 
Case 15: (Table I) Anterior myocardial infarction (chronic stage), arteriosclerotic 
heart disease, slight edema. (C) Case S: (Table I) Recent anterior myocardial infarc- 
tion, no edema. The precordial lead is IA^b reversed (old Lead IV). 
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Fig. 4.— Case 2: (Table I) Male, aged 52. (A) Oct 14, 1933. Diabetes, generalized 
arteriosclerosis. (F) Feb. 12, 1934. Patient developed acute coronpy occlusion in- 
volving the anterior, and, later, the posterior wall of the left ■v^entncle. 
amplitude in all leads, particularly old Lead Iir (lA^B reversed). Compare with (A)- 
(O) Mar. 30, 1934. After his general condition had improved, some healing had taKei 
place. Note increased voltage in Lead lAr (reverse of lA^B). 
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voltage. In the three remaining cases, the limb leads (except for low 
voltage) were within normal range, but in two of these there were ab- 
normalities in the precordial leads. Therefore, in this series, electro- 
cardiographic changes, aside from the low voltage, were observed in al- 
most all the cases. 

In an attempt to ascertain further the significance of low voltage in 
chest leads, we have also studied certain other groups of patients. 

In Table II are shown the data on fifty patients who showed low 
voltage in the limb leads, but normal voltage in the chest leads.'^" 



Pig. 5. — Case 16: (A) Jan. 25. 1935. Subsequent to posterior myocardial infarc- 
tion. (1?) April 1, 1935, two days after severe attack of precordial pain. Note 
low voltage in Lead IV. (C) May 29, -1936. Improvement in general condition. 
Note increase in voltage of QRS in Lead IVB reversed (old Lead IV), Autopsy 
revealed anterior and posterior infarction. 


The severity of tlie myocardial damage in this group was much less 
marked than in the finst. Only eighteen patients (36 per cent) had 
severe myocardial damage, as compared to 100 per cent in the previous 
group. Moreover, seventeen (34 per cent) had either normal hearts 
or slight myocardial damage, and fifteen (30 per cent) had a moderate 
grade of myocardial disease. Only thirteen patients (26 per cent) had 
myocardial infarction in this group,'tis compared to eleven (55 per cent) 
in the group with low voltage in both limb and precordial leads. In the 
group with low voltage in both limb and precordial leads, edema was 


*11 slioulcl be remembered tbut the.-=e electrocardiograms were taken on patients 
witli suspected myocardial disease, in the medical wards. The percentage of nivocar- 
dial dispise in the.se cases of low voltage in limb leads might have been lower had a 
different method of selection, such as was used in tlie series of 'Willius and Klllins = 
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Table II 

Cardiac Conditions in 50 Consecutive Cases of Low Voltage in Limb Leads 
With Normal Voltage in Precordial Leads 


CASES 


Arteriosclerotic heart disease 

(except acute coronary occlusion) 

21 

(42 per cent) 

Acute coronary occlusion 

12 

(25 per cent) 

Rheumatic heart disease 

4 

( 8 per cent) 

Syphilitic heart disease 

1 

( 2 per cent) 

Congenital heart disease 

1 

( 2 per cent) 

Pericarditis 

5 

(10 per cent) 

Normal heart 

5 

(10 per cent) 


observed elimcall.y in nine eases (45 per cent) ; in the group with low 
voltage onty in the limb leads, it was observed in thirtj'- cases (60 per 
cent). 

Since pericarditis, espeeiallj'- with effusion, is occasionally associated 
with low voltage of the QRS complex,’*’ the electrocardiograms of 
seventy-seven patients with pericardial disease of various types and 
etiologies were studied from tlie standpoint of voltage (Table III). 

Table III 

Voltage of the QES Complex in 77 Cases op Pericardial Disease 

Normal voltage of QBS in limb and grecordial leads 

Pericardial effusion (moderate) 21 cases 

Other types of pericardial disease 37 cases 

Loiu voltage in limb leads, normal voltage m precordial leads 

Pericardial effusion (moderate) 7 cases 

Other types of pericardial disease 11 cases 

Low voltage in limb and precordial leads 

Tuberculous pericarditis with effusion, and thickened pericardium 1 case 


From the figures in Table III, it is apparent that pericardial effusion 
which is moderate in degree (approximately 500 c.c.) is not, per se, a 
cause of low voltage in the limb leads. Of fifty-eight patients with 
pericardial disease who showed normal voltage, twenty-one (36 per cent) 
had effusion, whereas of eighteen cases of low voltage in the limb leads 
with normal voltage in the precordial leads, pericardial effusion was 
present in only seven (38 per cent). In a total of twenty-nine cases of 
pericardial effusion, low voltage was present in eight, or 27 per cent; in 
some of these, other factors, e.g., peripheral edema, were present, and 
may have had a part in lowering the voltage. 

The low voltage in both limb and precordial leads in the single case 
of tuberculous pericarditis Avas probabl.y caused by the markedly thick- 
ened, adherent pericardium. The effusion ivas slight, loculated, and 
limited to the lower right portion of the pericardial sac. 

Also, for purposes of comparison, we examined the electrocardiograms 
of 300 normal college students. In none was there low voltage of the 
QRS complexes in either the limb or precordial leads. 

The data presented above indicate that although Ioav voltage in the 
limb leads alone may be observed Avhen the heart is either normal or 
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diseased, tlie presence of low voltage in both the precordial and limb 
leads is almost always associated Avith considerable myocardial damage. 

DISCUSSION 

Factors That Affect the Voltage of Limb Leads.— The voltage of the 
QES complex is, of course, primarily dependent upon the electromotive 
force developed by the contracting heart mnsele. As registered in the 
electrocardiogram, hoAvever, the voltage of these waves is a resultant of 
the difference in potential of tissue underneath two electrodes Avliich are 
quite Avidely separated from each other, and sometimes distant from the 
heart. Although a deficiency in electromotive force incident to heart 
disease may undoubtedly be a cause of Ioav A’^oltage, it is quite obvious 
that many other factors may play a part, cA'en AAdien the eleetromotwe 
force at its point of origin, the heart, may be quite normal. 




Fig. 6. — Case 11: (A) Oct. 19, 1936. History of old infarction. (B) Nov. 7, 1936. 
Patient experienced an attack of precordial pain. Diagnosed anterior infarction. Note 
diminution of voltage of QRS in Lead IVB reversed (old Lead IV). This is smaller 
than that noted in the limb leads.* (C) Nov. 17, 1936. "With improvement, voltage 
lias increased. 

-In a few cases, as in Fig. 6 (B), we have noted a slightly lower voltage in the 
precordial than in the limb leads. This is apparently infrequent. 

Eyster and ids eo-Avorkers^^ and Katz and his co-AA'orkers^^- have 
shoAvn that the current produced by the heart is not conducted uni- 
forml}^ to the surface. Some regions of the heart AAdiich are in contact 
with good conductors have an adAmntage over those portions which 
are not. For example, Katz, et al.,^"* in summarizing their vieAV on this 
subject, state that the eaudad regions of the right auricle, right ventricle, 
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and left ventricle, and those in contact with the posterior paravertebral 
muscle mass will have a greater effect on the standard three-lead electro- 
cardiogram ; the portions of the heart in contact with the anterior chest 
wall will have a less important influence because they are surrounded 
Iiy lung which is so thick that little current is conducted from this 
region. 

In certain eases, as pointed out by Wilson,^® low voltage in the limb 
leads may be accidental, and be caused by the fact that the potential 
differences produced by one part of the heart are almost exactly neutral- 
ized bj’" those produced in other parts. Wolferth and Wood^® believe that 
the limb lead voltage may be low as a result of neutralization of 
potentials at the surface of the body. 

Voltage variations in the normal subject may be caused by many addi- 
tional factors, e.g., the habitus of the individual, differences in the posi- 
tion and shape of the heart, the relation between the size of the heart 
and the size of the thoracic cage, and obesity. These factors could all 
be operative in entirelj'' healthy persons; they offer a fairly satisfactory 
explanation of low voltage in the limb leads of persons with essentially 
normal hearts. 

There are a number of pathologic states that might further affect the 
voltage of the QRS complexes. 

Factors Which, Modify Voltage of Limb Leads in Pathologic States . — 
In addition to the factors which tend to modify the voltage in the nor- 
mal subject, the voltage in the presence of mjmcardial damage will ap- 
pai'entlj'- be affected in two chief Avays: (a) by a modification in the 
source of potential, the heart, and (b) an alteration in the conduction of 
the heart current to the surface of the body. 

An altei’ation in the electrical potential produced in the heart could 
be the result of disease of the heart muscle. An alteration in the conduc- 
tion to the surface of the body of the current produced in the heart 
could result from a modification of the structures that normally sur- 
round the heart and act as conductors of its current. Among these 
are (a) air containers, AA^iich are poor conductors,^®’ (b) fluid, Avhich, 
because it is a good conductor, aauII shunt the heart current so that a 
smaller amount aauII reach peripherallj'’-p laced electrodes,^®’ and (c) 
solid structures; thick adhesions, Avhich are relatively avascular, will 
further insulate the heart, but pneumonic consolidation should act as a 
good conductor.®’ 

In anj^ event, Ave often encounter Ioav voltage of the QRS complexes 
in association AAuth massive pericai'dial effusion, air in the pericardium, 
thick adhesions around the heart, pneumonic consolidation, edema of the 
lung, pleural effusion, pneumothorax, generalized peripheral edema, 
emphysema, dehydration, and conditions associated Avith profound dis- 
turbances of the electroljde content of the blood. 

A combination of these factors, cardiac as Avell as extracardiac, may 
operate to, produce Ioav Amltage in a given case. 
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Lolo Voltage in Chest Leads.~Tl\e various factors which may con- 
tribute to the production of low voltage in indirect leads do not ap- 
parently affect chest leads. Although low voltage may be observed in the 
limb leads of normal subjects, the preeordial leads show normal voltage. 
Even in the presence of myocardial disease, one generally finds normal 
voltage in the chest leads when the voltage in the limb leads is notably 
low. As we have stated, we Avere able to collect only tAventy Avell-studied 
instances in Avhich the voltage in the chest lead Avas Ioav. 

In preeordial leads, the form of tlie electrocardiogram depends upon 
factors other than those AAdiich affect limb leads. In the former, the ex- 
ploring electrode is much closer to the heart, and therefore registers 
curves Avhich more closely resemble the electrogram. 

Although most of the factors mentioned above Avill tend to produce 
loAV Amltage in the limb leads, feAv of them affect the voltage of the pre- 
cordial leads. By placing the electrode over the precordium, the factors 
of edema, pleural effusion, pericardial effusion, etc., interfere little Avith 
the registration of the voltage. 

Experimentally, Goodman*® has shoAvn that edema, unless it is present 
in the subcutaneous tissues of the chest region, Avill not affect the voltage 
of the QRS complexes of the preeordial leads. Clinically, edema seldom 
involves this region. The only other factor AA'hich is likely to affect the 
conduction of the heart current in preeordial leads is the presence of 
fluid or abnormal air-containing structures betAA^een the heart and the 
anterior chest Avail ; the latter is a condition that is certainly rare. That 
preeordial lead voltage may be affected by bilateral, massive pleural 
effusion is illustrated bj^ the folloAving case: In a patient 59 years of 
age, Avith severe degenerative heart disease, Ioav voltage Avas present in 
the limb leads and preeordial leads (CPg, 4 , CR^, 4 , 5 , 063 , 4 , 5 ). On 
I’emoval of fluid from the right and left pleural sacs (30 oz.), the 
voltage in the preeordial leads changed from 2 mm. to 5 mm. This 
change Avas recorded onlj^ in the CB and CR leads. 

Since the transmission to the chest AA^all of tlie current produced in 
the heart is usually good, apparently the main factor AAdiicli is likel.y to 
cause Ioav voltage in the preeordial leads is a decrease in the Amltage 
produced by the heart muscle as a result of seAmre myocardial disease 
involving relatively large portions of the myocardium. This avouH 
explain the extremely Ioav voltage in these leads in eases of anterior and 
posterior infarction, and the high incidence of severe myocardial disease 
in the group of patients reported here. That this need not be a perma- 
nent condition is illustrated in Fig. 5 ; in this case, anterior infarction 
superimposed upon an old posterior infarction resulted in Ioav voltage. 
With healing of the infarct, the voltage again became normal. 

If this concept is correct, it would help to establish three important 
points : (a) The factors which tend to produce low voltage in the limb 
leads do not necessarily affect the voltage of the preeordial leads, (b) 
Loav voltage in the preeordial leads is usually the result of inherent 
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disease of the heart muscle ; it is infrequently the result of extracardiac 
factors.* (c) Low voltage in the precordial leads is almost ahvays asso- 
ciated with a severe grade of myocardial damage. 


SUMMARY AND CONCLUSIONS 

Of twenty patients who had low voltage in both the precordial and 
limb leads, all showed evidence of severe mj^oeardial damage. In this 
group there were eleven eases of m.yoeardial infarction, in five of which 
there was involvement of both the anterior and posterior wall of the left 
ventricle. The severity of myocardial disease was considerablj^ less in 
a group of fifty consecutive eases in which the voltage was low in the 
limb leads and normal in the precordial leads. There were no cases 
of combined anterior and posterior infarction in this group. The inci- 
dence of low voltage in pericardial disease, both with and without 
effusion, is mentioned for comparison. No instances of low voltage were 
observed in a control group of 300 students. 

One should not rely upon a single precordial lead for a diagnosis of 
low voltage. In addition to the CP leads (3, 4, 5), CB and OR leads 
should be taken. 

The factors responsible for normal voltage and their modifications in 
various diseases are discussed. Since low voltage in the precordial leads 
is the result of factors other than those that produce it in the limb leads, 
the combination of low voltage in both is a more certain evidence of 
mjmcardial disease than the latter alone. 





i CRs 




U — Low voltage in some chest leads with normal voltage in others. In the 
limb leads and in the generally used chest leads, CR3, -i, omi 5, the voltage is low. It is 
noimial, however, in chest leads CRi, nnd 3. It is our opinion that the chest lead 
voltage should not be called "low” in such a tracing. 

I series we have encountered but one case, mentioned above, in which the 

yoltage in the precordial leads was, to some degree, the result of massive pleural 
effusion -some of the fluid was probably situated between the heart and anterior 
Chest wall. In this instance, severe myocardial disease was also present. 
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ADDENDUjM 

Since tins paper was accepted for publication, another paper dealing with the 
same subject has been published by Leach, Eeed, and White (Amerkan Heart 
Journal 21; 551, 1941). The difference in the conclusions expressed in the two 
papers may, in our opinion, result from the fact that Leach, Eeed, and H hite used 
only one chest lead, so far as we can judge, wliereas we used several. It has been 
our experience that one chest lead (freqiientlj’^ a conventionally used one) niaj 
yield low voltage curves, whereas chest leads from other precordial areas may gi'e 
curves of normal voltage (Fig. 7). Such instances we have not considered to be 
examples of low chest lead voltage. It is our opinion that the voltage of the 
chest leads can be considered to be low only after it had been shown to be present 
in several chest leads. 
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THE AORTIC VALVULAR LESION ASSOCIATED WITH 
THE AUSTIN FLINT MURMUR 


Benjamin A. Gouley, M.D. 

Philadelphia, Pa. 

O NE explanation of tlie meclianisin of the Austin Flint murmur 
which is acceptable to many clinicians is that blood regurgitating 
through a damaged aortic valve strikes against the anterior mitral 
curtain and pushes it laterally into the auriculoventrieular blood stream. 
Thus, a functional obstruction is created at the mitral valve. The 
anterior mitral leaflet, which is displaced from its usual mural position 
in diastole, now hangs suspended hetiveen two downflowing streams of 
blood and is impinged on by both, and this sets up the vibrations which 
cause the rumbling pres^'^stolie apical murmur of aortic regurgitation. 
This explanation is a summary of many views, all of which, although 
they differ more or less in detail, take into consideration the essential 
factor of aortic regurgitation and the likely secondary factor of func- 
tional mitral valvular obstruction. 

A rather small minority of patients with aortic regurgitation have 
a Flint murmur ; this fact was apparent to the early investigators, but 
was never fully accounted for. The above explanation of the mech- 
anism of the murmur, like all others, therefore remains incomplete. 
It is likely that some anatomic or physiologic difference marks off 
those with the murmur from the majority of patients with aortic re- 
gurgitation. Until recently, detailed investigation of the changes in 
the aortic leaflets in such eases Avas seldom attempted; most pathol- 
ogists Avere satisfled Avhen they found that the mitral Amlve Avas nor- 
mal in the presence of aortic regurgitation. 

It has generally been thought that the Flint murmur is due to a 
lesion inAmlAang the posterior aortic leaflet. This assumption was 
largely based on theoretical considerations, until Herrmann produced 
aortic regurgitation in dogs by perforation and laceration of the poste- 
rior aortic leaflet. After the operation, many of these dogs (36 per 
cent) had a diastolic apical murmur and a diastolic apical thrill. Such 
signs did not appear in the fcAv dogs Avhose right or left anterior aortic 
leaflets were damaged A\dthout injuring the posterior cusp. An experi- 
mental basis Avas thus established for the Flint murmur. This ex- 
perimental lesion, hoAveA’^er, is not identical with the lesions which Ave 
haAm constantly noted in patients Avho came to necropsy. The struc- 
tural change to Avhieh Ave refer consists of tAvo lesions, namely, (1) a 
peculiar deformity of the right anterior leaflet, and (2) a thickening 
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of the anterior (aortic) mitral curtain, especially of its lower portion, 
on the ventricular aspect, rvhere the chordae tendineae are attached. 
The lesion of the right aortic leaflet is the more important ; that of the 
anterior mitral curtain is secondary, and is the result of the constantly 
recurring impact of the regurgitant stream on that curtain. 

The right aortic leaflet in ten cases, of which 5 will be discussed 
here, presented a concave, cuii-shaped deflciency of its inner portion, 
i.e., the portion of the leaflet adjacent to commissure No. 2 (connecting 
the right anterior and the posterior aortic leaflets). This inner portion 
of the right aortic leaflet sagged, and the free margin pouched or 
drooped outward into the ventricular lumen. In one ease the entire 
leaflet had weakened and was stretched, and its free margin was rolled 
and everted. In this instance, the inner corner of the leaflet was nota- 
bly more seriously involved, and sagged to a lower level. In all cases 
this cup-shaped depression faced more or less laterally in the direction 
of the anterior mitral curtain. The other leaflets were either normal or 
involved in what often was a syphilitic process, that is, they were re- 
tracted in variable degree as is commonly the ease in that type of 
valvulitis. 

The second feature, namely, the thickening of the anterior mitral 
curtain on its ventricular aspect, was variable in its development. In 
some eases the lower half of the curtain, including the site of attach- 
ment of the chordae tendineae, showed an almost uniform increase in 
thickness and opacity (Fig. 1). In most instances, this was notable at 
the inner and usually the lower portion of the curtain, and the endo- 
cardial sclerosis also involved the mural endocardium of the adjacent 
ventricular septum. In one instance this thickening took on unusual 
aspects, giving rise to spindle-shaped and cylindrical enlargement of 
the chordae tendineae at the point of their attachment with the mitral 
curtain (Fig. 3). Possibly masses of fibrin had originally been de- 
posited in these areas. In two eases, endocardial ridging down along 
the ventricular septum suggestively marked out a diagonal path lead- 
ing from the damaged right aortic leaflet. Time is undoubtedly a 
factor in producing these endocardial changes on the anterior mitral 
curtain. They almost certainly are the result of friction, and it is likely 
that in some cases death ensues before marked changes occur. 

Of the ten patients who presented this type of aortic valvular de- 
formity, nine were men and all were between the ages of 30 and 45 
years. The majority of these patients had syphilitic cardiovascular 
disease. In one ease there was a complicating subacute bacterial mitral 
endocarditis, which we believe had no connection with the aortic val- 
luilar deformity, and in two the aortic lesion was due solely to rheu- 
matic disease. 

REPORT OF CASES 

Case 1.— J. S., a negro, aged 38 years, was admitted to the Philadelphia Gen- 
eral Hospital on the medical service of Dr. W. E. Eobertson, complaining of 



210 


THE AMERICAN HEART JOURNAL 


paroxysmal dyspnea and edema of the legs. There was palpitation, but no pre- 
cordial pain. Examination revealed basal pulmonary congestion, ascites, edema 
of the legs, and a blood pressure of 200/0. He had an aortic diastolic murmur 
which was transmitted down the left border of the sternum. In the apical area, 
in the fifth and sixth intercostal spaces, beyond the midclavicular line, there was 
a rumbling presj^stolic murmur, followed by a short systolic murmur. The heart 
was greatly enlarged to the left, the peripheral signs of aortic regurgitation were 
well developed, and the blood A¥assermann and Kahn reactions were strongly 
positive. The clinical diagnosis was syphilitic cardiovascular disease, with aortic 
regurgitation and a Flint murmur. 

Necropsy showed a heart weighing S50 grams, a markedly enlarged left ven- 
tricle, sj^philitic aortitis, and slight widening of commissure No. 2. The right 
anterior leaflet extended out into the valvular lumen more than the others, which 
were slightly retracted, and it showed a distinct tendency to pouch and sag at its 
inner corner (Fig. 1). The free edge at this corner was thickened and dropped 
downward, forming a depressed cupping. No local sagging was noted in the other 
aortic leaflets. The anterior mitral leaflet showed definite thickening and an in- 
creased opacity of the lower portion on the ventricular aspect. The upper ends 
of the chordae tendineae were thickened at their points of attachment. However, 
the mitral valve, when viewed from its inner aspect, was entirely normal. 



Fig. 1. — Case 1. The inner portion of the right anterior aortic leaflet pouches out 
into the ventricular lumen in the direction of the anterior mitral curtain. The free 
margin of this part of the leaflet was slightly rounded and lipped. The lower portion 
of the anterior mitral curtain was moderately and uniformly thickened, as were the 
chordae tendineae at their points of attachment. The mitral valve, viewed from its 
inner aspect, was normal. 

Ca.sk 2. — E. E., a negro, aged 30 years, was admitted March 29, 1934, to the 
Philadelphia General Hospital on the medical service of Dr. T. Schnabel, com- 
plaining of shortness of breath and swollen ankles. Cardiac failure had first been 
noticed in March, 1931, since tvhich time the patient had suffered repeated attacks 
of dj'spnea, and eventually developed orthopnea and dizziness. There was a his- 
tory of syphilitic infection in 1920, for which the patient had received treatment 
for nine months. 
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Examination showed a jmung, well-nourished man, with a blood pressure of 
200/50 in both arms, and with all the peripheral signs of aortic regurgitation. 
The heart was greatlj" enlarged; the left border was in the axilla in the fifth and 
sixth intercostal spaces. No thrills were palpable. The blood and spinal fluid 
Wassermann reactions were negative. Nevertheless, mild antisj-philitic treatment 
was administered. When the patient was readmitted to the hospital the serologic 
reactions were strongly positive (4 plus). Auricular fibrillation developed and 
resulted in fatal cerebral embolism on October 18, 1935. 

Necropsy revealed a huge heart, weighing 980 grams; the left ventricle was 
markedly dilated. Aside from relative insufficiency, the mitral valve was normal, 
as were the tricuspid and pulmonic. There was no widening of the aortic com- 
missures despite the presence of .sj^philitic aortitis. The aortic leaflets "were 
slightly thickened; only the right aortic, however, showed a rolling of its free 
edge, in addition to which there was a sagging of the inner portion of the leaflet. 
On the ventricular aspect of the anterior mitral curtain there was a patchy, irreg- 
ular thickening, with numerous, small, pinkish-gray elevations of the endocai'dial 
surface. 

Case 3. — A. G., a negro, aged 45 years, was admitted August 14, 1935, to the 
Philadelphia General Hospital on the medical service of Dr. Truman Schnabel, 
complaining of dyspnea which had begun eighteen months before as “asthma.” 

Examination revealed orthopnea, venous hypertension, and a flat percussion 
note and tubular breathing over the upper lobe of the right lung. The entire 
chest was filled with rale.s, and this precluded satisfactory examination of the 
heart. On one occasion a diastolic apical murmur was heard. The apical beat 
was in the sixth intercostal space in the anterior axillary line. The blood Was- 
sermann reaction was stronglj' positive (4 plus). Death occurred suddenl)’’ on 
August 18. 

Necropsy showed a greatty dilated, bowl-shaped left ventricle. There was a 
hinge valve deformity* of the right anterior aortic leaflet. The inner portion of 
this thickened leaflet showed an exaggerated sagging which formed a low, cup- 
shaped depression. The posterior and left anterior leaflets were entirel}’ normal. 
The inner and lower aspect of the anterior mitral curtain (ventricular side) was 
thickened and ridged. The mitral valve itself was normal. 

The aorta was the seat of a diffuse, syphilitic aortitis, and there was an aneurysm 
of the horizontal arch, involving the innominate artery. 

Note; Although the diastolic apical murmur could not be clearly defined as an 
Austin Flint murmur, the post-mortem observations almost certainly identif}^ it 
as such. 


Case 4.— P. M., a negro chauffeur, aged 39, was admitted to the Philadelphia 
General Hospital on the service of Dr. F. Kalteyer, October 19, 1939, complaining 
of chills and nosebleeds. Severe, sharp precordial pain had been experienced with 
increasing frequenc 3 '', and shortness of breath and great weakness were noted one 
week before hospitalization. He had had a penile lesion at the age of 18. 

Phj'sical examination revealed a very anemic, but well-nourished man who was 
slightly dyspneic and had moderate clubbing of the fingers. The blood pres- 
sure was 120/58. A to-and-fro murmur was heard at the aortic area. Diastolic 
and systolic murmurs were heard in the fifth intercortal space, and replaced both 
heart sounds. ^ The diastolic rumble increased in intensity up to the first sound, 
merging with it to form a long and almost continuous mitral murmur. 


no^y rlspffatSm"’"''"- ^ ’^ee/obscurl^ in thfs calf ’by “the 
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Death occurred shortly after admission, before the serologic studies were 
completed. 

Necropsy showed a heart weighing 450 grams, with a large left ventricle of 
globular shape which was more dilated than hypertrophied. The anterior mitral 
leaflet on its auricular aspect was covered in its upper portion (the free margin 
was not involved) by an ulcerating thrombotic mass (subacute bacterial endo- 
carditis, Streptococcus viridans). Viewing the anterior mitral curtain on its ven- 
tricular aspect, it was noted that the ulcerative process had just about broken 
through the body of the leaflet. The upper portion of the curtain on this aspect 
showed some fibrinous deposit which extended up toward the base of the posterior 
aortic leaflet. The latter, however, was entirely normal. 

The right anterior aortic leaflet sagged, especially its inner portion, which pre- 
sented a cup-shaped deficiency (Fig. 2). The free edge was rolled and thickened. 
The posterior and the left anterior leaflets were normal, except possibly for a 
slight widening of the intervening commissure. There were marked thickening 
and opacity of the mural endocardium, extending from the weakened inner corner 
of the right aortic leaflet diagonally down and across the ventricular septum, and 
reaching the lowermost portion of the anterior mitral curtain, which, together 



Fig. 2. — Case 4. The right anterior aortic leaflet shows marked sagging and cup- 
ping, especially its inner portion (A). The posterior leaflet is normal except for slight 
retraction at the commissure joining it with the left aortic leaflet, also despite the 
presence of fibrinous deposit reaching its base from the adjacent vegetative mitral 
endocarditis {B). Note marked sclerotic thickening (arrows) along lower portion of 
anterior mitral curtain and adjacent septal endocardium which is distinct from the 
acute fibrinous extension from the mitral lesion to the chordae tendineae. The sclerotic 
endocarditis is confined to a belt leading down diagonally from the damaged right 
aortic leaflet. 


with its innermost chordae tendineae, shared in the sclerotic process. Tliis sclerosis 
was evidently chronic, and independent of the ulcerative lesion high in the body 
of the anterior mitral curtain. It appeared to be sharply marked off, especially 
in its upper portion beneath the weakened right aortic leaflet, and tlius sugges- 
tively outlined a track that was followed by the downflowing regurgitant blood 
stream. 
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Above commissure No. 2, and almost imperceptibly above commissure No. 3, 
there were small, slightly elevated, rather moist and translucent swellings of the 
intima of the aorta. Histologically, the aortic wall showed typical syphilitic 
changes in these areas. 

Note; In this case of aortic regurgitation accompanied by a Flint murmur, the 
syphilitic aortic valvular disease was confined to the right aortic leaflet, giving 
rise to a characteristic deformity and a "directed” mural endocardial sclerosis 
marking the line of regurgitation. The posterior aortic leaflet was normal. 

Case 5.— A. H., aged 35 years, a white elevator operator, was admitted to the 
Philadelphia General Hospital March 23, 1940, on the service of Dr. P. Jump, 
complaining of shortness of breath. He had had rheumatic fever in 1935, but 
otherwise had been in good health until Christmas, 1939, when he became dyspneic, 
and soon thereafter he noted swelling of the ankles. 

Examination revealed rheumatic heart disease. There was a marked presystolic 
murmur at the apex, followed bj' a short systolic murmur. This apparent mitral 
stenosis was accompanied by signs of aortic valvulitis, i.e., a short systolic and 
diastolic murmur were heard in the aortic area. The blood pressure was 140/70. 
Both lung bases were congested. Right-sided heart failure was evidenced by 
venous hypertension, an enlarged liver, and some edema of the legs. Fluoroscopic 
examination revealed a large left ventricle, a prominent pulmonary arterial sali- 
ent, and hilar pulmonar 3 ^ congestion. The electrocardiogram showed prolongation 
of the P-R interval (.21 second) and notched P waves. Death was sudden on 
April 4, 1940. 

Necropsy: Both ventricles were enlarged and hypertrophied, particularly the 
left. 

There was, surprisingly, no mitral stenosis. The mitral valve was 12.5 cm. in 
circumference, so that there was apparently a relative insufficiency. There was 
very slight thickening at the free edge (Fig. 4); also, increased vascularity was 
noted at the base of the valve. The important changes were on the ventricular 
aspect of the anterior mitral curtain and in the right aortic leaflet. The latter 
exhibited a collapse fibrosis. The upper portion of the leaflet, including its free 
margin, had largety caved inward toward the aortic wall. Fibrous stiffening main- 
tained this peculiar position. The median portion of the leaflet, leading to com- 
missure No. 2, was most seriousty involved; the upper line of the leaflet had prac- 
tically disappeared, and was replaced by a marked concavity (Fig. 3). The other 
leaflets showed some thickening and were lightly fused to each other at the com- 
missures, but they did not exhibit the collapse seen in the right anterior leaflet. 

The lower portion of the anterior mitral curtain (ventricular aspect) showed 
a generally increased thickening and opacity, and, further up, the endocardial 
surface was ridged and irregularly roughened. Some of the more prominent ridges 
were almost horizontal, and their inner ends tipped upward in the direction of the 
membranous septum and the damaged right anterior leaflet. 

The chordae tendineae were elongated, but, in addition, they showed, especiallj’^ 
those streaming laterallj^, marked spindle-like thickening at the point of their 
insertion into the mitral curtain. These thickenings had a smooth surface and 
were all most prominent on the ventricular or aortic aspect of the curtain; in 
contrast, the mitral valve -was practiealty normal in appearance when viewed from 
the auricular aspect. 

DISCUSSION 

Flint^ thought that functional mitral stenosis was the cause of the 
murmur, and, since his time, many suggestions have lieen made as to 
how and when such a situation would develop. Guiteras^ stated that 
the initial leaflets are not 'floated upwards,” as was suggested by 
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Fig. 3. — Case 5. Note marked deficiency and cupping of inner portion of right an- 
terior aortic leaflet (A). Arrows mark sclerotic thickening and ridging of the anterior 
mitral curtain. Note spindle shape and bulbous thickening of the chordae tendineae 
at the points of insertion in the mitral leaflet. Posterior aortic leaflet is normal. 
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Flint, but are actively driven against the auricular blood flow by the 
“general arterial tension.” Apparently he believed that the force 
striking against the mitral curtain, which diminished the valvular 
channel, did not derive directly from the regurgitant aortic stream, 
but Avas rather the result of the speedy filling of the Amntricle from 
both the aorta and the auricle. J. C. Da Costa‘‘ believed that dilatation 
of the left Amntricle Avas an essential factor, and that this displaced 
the anterior mitral curtain, making it tense and the target of tAvo 
oppositely directed streams of blood. In this connection, it may be 
pointed out that, in almost eAmry case, predominant aortic regurgita- 
tion is accompanied by dilatation of the left Amntricle, but the Flint 
murmur is not universally present. Broadbent^ said that the regurgi- 
tant aortic stream impinged on the anterior mitral curtain, causing it 
to Aubrate ; he appeared to be clearer on this point than his contem- 
poraries, yet this also did not explain the occasional occurrence of the 
Flint murmur in aortic regurgitation. Finally, recent experimental 
Avork seems to indicate that the anterior mitral curtain is itself of 
little importance in the pathogenesis of the murmur ; it acts merely as 
the transmitter of vibrations Avhich are set up in the aortic leaflets.® 

The importance of the associated aortic regurgitation has generally 
been recognized, but the relationship between the organic aortic lesion 
and the presumed functional mitral involvement has never been clear. 
The aortic valvular deformity herein described, the more or less well- 
developed changes on the Amntricular aspect of the anterior mitral 
curtain, and the occasional tell-tale markings on the intervening ven- 
tricular septum constitute strong evidence, in our opinion, that the 
regurgitating blood is directed or “grooved” doAvn and across the 
ventricular septum, forcing the anterior mitral curtain into the auricu- 
loventricular current. We belieAm that this peculiar anatomic and 
physiologic variation of aortic regurgitation is in most instances the 
cause of the Flint murmur. If this is borne out by other observers, it 
Avill establish the validity of a functional mitral valvular stenosis. 

The reason for the involvement of a precise part of a particular 
aortic leaflet (right anterior) is not clear. The constant location of this 
A’-alA’-ular defect in cases of varied etiologic origin suggests that a me- 
chanical factor is of some imjiortance. Possibly the point of maximum 
impact of the diastolic aortic recoil is, in some cases, at the inner cornk’ 
of the right aortic leaflet; this point of greatest strain becomes eAudent 
when the A'^alAuilar structure is undermined by inflammatory processes. 
Syphilitic valvulitis is common, whereas rheumatic or other infectious 
lesions are relatively uncommon. It appears that some destructive 
process incidental to infection, usually syphilitic, plays an important 
role. We have previously pointed out that the right anterior aortic 
leaflet Avas almost constantly involAmd in the “hinge-A'-aWe” lesion 
associated Avith musical diastolic murmurs, and that destruction of the 
supporting fibro-elastic “basket” of that leaflet by syphilis Avas a de- 
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termining factor in the subsequent valvular deformity/ It is probable 
that a similar inflammatory process is directed by some mechanical 
factor in the localization and development of the vahudar deformity 
of the Flint murmur. 

The role of posterior valve leaflet lesions . — The eccentric, cup-shaped 
depression of the right aortic leaflet occasionally occurs in the adjacent 
portion of the posterior leaflet as an associated lesion. We have not 
seen it there as the sole aortic vah'^ular deficiency in cases featured by 
the Flint murmur. This is mentioned because the posterior leaflet is 
considered the site of lesions responsible for the murmur. It is con- 
ceivable that the murmur in some eases is caused by posterior leaflet 
changes which allow that leaflet to drag or flap, or in some way to hang 
out loosely in the lumen. In syphilitic aortic regurgitation, the most 
common type of heart disease with which the Flint murmur occurs, 
such lesions of the posterior leaflet are rare. Far more commonly this 
leaflet is shortened, thickened, and retracted toward the aortic wall, 
allowing free regurgitation and minimizing the possibility of abnormal 
\dbration. In an occasional case of subacute bacterial endocarditis, 
ulceration and perforation at the base of the posterior aortic leaflet may 
provide a small aperture which allows diastolic leakage under pressure. 
This might well be a cause of marked vibration which would be easily 
transmissible to the anterior mitral curtain. We have not seen such a 
case,* and we believe that it is uncommon. It would constitute a clinical 
counterpart of the experimental lesion of Herrmann. We have not seen 
the left anterior aortic leaflet involved in this type of valvular deficiency. 
Regurgitation caused by a defect in this leaflet would scarcelj'" touch 
the anterior mitral curtain with the heart tilted as it noimally is in man. 

It is interesting that, although syphilitic aortitis remains undoubtedly 
the chief cause of aortic vahuilar insufficiency in these cases, other types 
of heart disease are not excluded. This has been previously noted,® 
although seldom supported by necropsy confirmation. In Case 5 (A. H.), 
the history elearlj^ implicated rheumatic fever, and serologic tests for 
syphilis were negative. The presystolic apical murmur was regarded un- 
hesitatingly as a manifestation of advanced mitral stenosis. The Flint 
murmur is rare in rheumatic heart disease because isolated aortic re- 
gurgitation is not often encountered, and also because even moderate 
stiffening of the anterior mitral curtain bj’’ rheumatic inflammation 
would lessen the chance of vibration. Nevertheless, aortic valve in- 
sufficiency does occur sometimes rather acutely in children and in 
young adults in the course of I’heumatic fever, before mitral stiffening 
has developed, and in such patients a Flint murmur may occasionally 
be heard. 

In attempting to correlate changes in the aortic leaflets with the 
Flint murmur, it must be realized that other cardiac murmurs also have 

•Herrmann’s second case -was apparently of this type.' Sansom^ mentioned a case 
of Guiteras’ which was featured by a congenital aperture in the posterior leaflet. 
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tlieir origin in aortic regurgitation, and that confusion may develop if 
their identification is either incomplete or, as is sometimes the case, 
difficult. The ordinary, blowing, diastolic murmur of aortic regurgi- 
tation which is often transmitted down along the sternum is also not 
uncommonly heard in the axilla, unaltered and appaiently diiectly 
propagated. In this area, it has been described as Foster’s murmrir,® 
or the “axillary diastolic murmur in aortic insufficiency.”^® The Flint 
murmur is a presystolic rumble which practically merges with the first 
heart sound, and it is limited to a small area at the apex, whei eas the 
directly propagated diastolic mui’iniir is more often heard at a highei 
level, out in the axilla. They differ sufficiently in most instances to 





Fig. 5. — Schematic tiraiving showing (A) normal aortic valve and normal anterior 
mitral curtain; (R) perforation at the base of the posterior aortic leaRet, giving rise 
to vibrations (wave marks) in the aortic ring which are transmitted to the anterior 
mitral curtain as in the experimental aortic insufficiency of Herrmann. The anterior 
mitral curtain remains normal. (C) Sagging of the right anterior leaflet, especially 
inner corner (lesion of the Flint murmur), with grooving or diversion of regurgitant 
stream against the anterior mitral curtain, causing frictional sclerosis of the latter. 


permit identification. They may be heard in the same patient.^® Dif- 
ferentiation of the Flint murmur from presystolic apical gallop rhythm 
is apparently more difficult. Some clinicians consider the Flint mur- 
mur as nothing more than a form of presystolic gallop due primarily 
to the existence of a large atonic left ventricle.^^’ lA^e regard such 
a hypothesis as singularly ill-founded. 
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SUMMARY 

In a series of ten patients who had Flint murmurs incidental to aortic 
regurgitation, a characteristic deformity of the right aortic leaflet was 
found at necropsy. This consisted of a concave, cup-shaped deflciency of 
the inner portion of the leaflet, so situated as to divert or ‘‘groove” the 
I’egurgitating blood toAvard the loiver portion of the anterior mitral 
curtain. The latter exhibited on its ventricular aspect a variable degree 
of endocardial thickening v^hieh Avas interpreted as a frictional sclerosis. 

The posterior aortic leaflet AA’^as normal in some cases, and in others 
was involA^ed in a manner AA’^hich aa’-c believe Avas insigniflcant. We do 
not attempt, on the basis of this small series of patients, to exclude pos- 
terior leaflet lesions as occasional factors of importance. Our experience 
indicates, hoAvever, that they are uncommon. 

The pathologic changes support the original belief of Austin Flint 
that a functional mitral stenosis, brought about by aortic regurgitation, 
is the cause of the presj^stolic apical murmur bearing his name. 

The author is indebted to the medical and laboratory statfs of the Philadelphia 
General Hospital for the privilege of reporting these cases. 
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PAROXYSMAL VENTRICULAR TACHYCARDIA 

Its Favorable Prognosis in the Absence op Acute Cardiac Damagf,, 
AND Its Treatment With Parentekally Administered 
Quinine Dihydrochloride 

Joseph E. F. Riseman, M.D., and Harry Linenthal, M.D. 

Boston, Mass. 

P AROXYSMAL ventricular tachycardia is generally regarded as an 
ominous condition, largely because it occurs as a complication of 
acute myocardial infarction. The following case reports emphasize 
that even very severe attacks of ventricular tachycardia, when not as- 
sociated with acute cardiac damage, may be followed by complete re- 
coi'^ery. The purpose of this communication is also to emphasize the 
fact that quinidine is useful in this condition. In one of the cases, 
effective treatment by means of parenteral injections of quinine is il- 
lustrated. 

report of cases 

Case 1. — Mr. D. H., GO years okl, had, for a period of 20 years, noticed slight sub- 
sternal oppression on exertion. A routine physical examination at the time this 
symptom began revealed an apical systolic murmur; an electrocardiogram seven 
years later showed prolonged QRS complexes, inverted T waves, and slightly de- 
pressed S-T segments in Leads 11 and III (Fig. l-I). 

About twenty years after the onset of cardiac symptoms, the patient had attacks 
of dizziness, associated with palpitation and irregular heart action, which lasted 
a few seconds to several minutes. Physical examination was negative except for 
slight cardiac enlargement and a soft blowing systolic murmur at the apex. The 
blood pressure was 120/80. The electrocardiogram (Fig. IB) was essentially the 
same as it had been thirteen years previously. The precordial lead showed a positive 
initial deflection of the QES complex, with moderate depression of the S-T seg- 
ment and a negative T wave. The morning after the electrocardiogram was taken, 
he suddenlj' experienced marked, irregular palpitation, severe substernal pain radiat- 
ing down the left arm, dizziness, and faintness. His color was ashen, and he 
perspired profusely-. Sedatives and large doses of quinidine were administered, after 
which he vomited repeatedly-. This first attack lasted several hours. During the 
following week, while in bed, he experienced numerous similar, but milder, attacks, 
each initiated by- extrasystoles, palpitation, and an increase in the pulse rate from 
80 to 150. The heartbeat during some attacks was grossly irregular, with a marked 
pulse deficit; during other attacks the heartbeat was regular, with occasional 
accentuation of the first or second heart sounds. Carotid sinus pressure exerted no 
influence on tlie cardiac rate or rhy-thm. Electrocardiograms during the attacks 
siiowed periods of irregularity caused by- premature beats of ventricular origin, or 
long periods of ventricular tachycardia (Fig. 1C). After the attacks subsided, the 
electrocardiograms showed only slight differences, as compared with the original 
tracing of thirteen years previously- (Fig. ID). 
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When the %’entricular rate rose above 150 the patient suffered severe substernal 
pressure, with pain radiating down the left arm. Quinidine in an amount suffieient 
to cause nausea and anorexia slowed the rate to 120 or 130 and relieved the pain. 
A maintenance dose of 3 grains every four hours was administered day and night. 
During the attacks of ventricular tachj'cardia 3 grains of quinidine every hour were 
required to maintain the lower ventricular rates. The largest amount administered 
in any one day was 42 grains. Constant medical supervision was required, and 
it is believed that mjmeardial damage was obviated in large measure by this regime. 

These attacks of tachycardia decreased in frequency and severity, and disap- 
peared entirely after seventeen daj's. Throughout a tliree-week period of observa- 
tion he showed no evidence of myocardial infarction. Tlie blood pressure remained 
at 120/80. There was never any elevation of temperature. The leucocyte count 
was 8,500. The corrected sedimentation index varied from 0.42 to 0.60. The electro- 
cardiogram between and after attacks showed the original characteristics. 

Sttbsequent Course . — In the four years which liave elapsed since the above attack, 
the patient has had two additional attacks. One occurred eleven months later, 
while he was overexerting himself during a snowstorm, and lasted three hours, during 
which time he vomited frequently. The third attack, nine months later (Pig. IP), 
lasted fifteen hours, during which time he received 6 grains of quinidine sulfate 
every two hours. Vomiting again made it difBeult to ascertain how much of this 
quinidine was absorbed. In none of these attacks was there any change in electro- 
cardiogram, blood cell count, or sedimentation rate to indicate cardiac damage, either 
as a cause or result of the ventricular tachycardia (Fig. K?). 

Since his last attack over two years ago, the patient has been taking 5 grains of 
quinidine sulfate twice daily. He has led an active, normal life, and does not have 
as much discomfort on walking as formerly. 

COJIMENT 

The recent ivork of Blumgart, Schlesinger, and Davis^ demonstrates 
that acute coronary occlusion may produce temporary anoxemia with- 
out myocardial infarction and tvith complete recovery if the collateral 
circulation is adequate. These authors have also shoAvn that collateral 
circulation is formed as a response to the demands of the myocardium. 
It would seem likely, therefore, that the constant creation of such a 
demand by reasonable activity ivithin the limits of the coronary circula- 
tion may be desirable to promote the formation of a collateral circula- 
tion. It is possible that the normal, active life of this patient during 
his twenty years of angina pectoris might have favored the formation 
of a coronary collateral circulation, and made him withstand the later 
attacks of ventricular tachycardia without anj’’ myocardial damage. 

The difficulty in evaluating the effectiveness of quinidine sulfate in the 
presence of poor absorption from the gastrointestinal tract because of 
recurrent vomiting and circulatory collapse suggests the need of a 
soluble preparation of quinidine for parenteral administration. The 
following case illustrates again the inadequacj^ at times, of the oral 
administration of quinidine sulfate, and indicates the value of intra- 
muscular administration of quinine dihydrochloride under such con- 
ditions. 
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Case 2. — ^Mr. S. D., a German refugee, aged 54, was well until an attack of myo- 
cardial infarction in August, 1937. The attack was followed loy transient aphasia, 
liemiplegia, and mesenteric embolism, and rest in bed for three months was re- 
quired. The harrowing financial and nervous strain incident to establishing himself 
in this country prevented him from obtaining the physical and mental rest that his 
illness necessitated, but nevertheless he felt fairly well. 

On Oct. 10, 1939, he suddenlj’ felt faint, and noted that his heart was irregular. 
Physical examination .showed nothing except frequent extrasystoles without com- 
pensatory pauses. The blood pressure was 140/SO. The electrocardiogram (Pig. 
2A) sliowed auricular extrasystoles, both singly and in group.s, left-axis deviation, 
notched QES waves in Leads III and IV, flat T waves in Leads I and II, and a 
negative, monophasic QES in Lead IVE. Each premature auricular beat was fol- 
lowed by a prolongation of the P-E interval. 

Quinidine sulfate, 5 grains four time.s a day, was prescribed. The patient re- 
mained in bed for three days, the arrhythnua and faintness subsided, and he felt 
perfectly well. 

On Oct. 16, at 11:00 A.M., while shaving, he suddenly experienced rapid, regular 
beating of his heart, accompanied by a sense of weakness and faintness. When seen 
early in the afternoon, he was in bed and fairly comfortable except for the palpita- 
tion and slight substernal oppression. His expression was anxious, but he was 
mentally clear. There Avere definite pallor and moderate perspiration. The heart 
was not enlarged, the rh 3 'thm was normal, and the rate was 210, with no pulse deficit. 
The sounds U'ere of good quality but not of uniform intensity, for at times either 
the first or second sound aa’Us accentuated. Tlie blood pressure Avas 96/60. The 
lungs Avere normal, the liver Avas not enlarged, and there Avas no peripheral edema. 
Carotid sinus pressure did not influence the rate or rhythm. A diagnosis of A'en- 
tricular tachj’cardia Avas made, and was confirmed by electrocardiogram (Fig. 2B). 
During the course of the examination he complained several times that everything 
became ‘ ‘ dark, ’ ’ and that he felt as if he AA'ere ‘ ‘ about to die. ’ ’ At these times the 
pulse could not be felt, the heart sounds were inaudible, and he became pale and lost 
consciousness for a few seconds. 

Hospitalization Avas refused, and it was necessary to cany out treatment at home 
(Fig. 3). Approximatelj' three hours after the onset of the attack, he was gh’en 
% grain of morphine sulfate hypodermicallj', followed bj' 10 grains of quinidine 
sulfate everjf hour for three doses. After the second dose of quinidine the patient 
A'omited a large amount of undigested food, and it Avas obA'ious that the quinidine 
could not haA’e passed through this mass into the intestine. The third dose of 
quinidine was vomited in tablet form. It Avas CAudent that the oral administration 
of drugs AA'as of little value. About seA'en hours after the onset of the attack, there- 
fore, quinine dihj'drochloride, in a dose of 7% grains in 5 c.c. solution, Avas given 
intravenouslj^ Approximatety one minute later marked tinnitus occurred, folloAAmd 
suddenlj^ bj' another period of unconsciousness. Within fifteen minutes the ven- 
tricular rate dropped temporarilj’^ to 155, but the electrocardiogram AA'as unchanged. 
Further intravenous therapj- seemed unsafe; accordingl}', quinine dilydrochloride 
Avas given intramuscularlj- in a dose of 7% grains every hour for five hours. 

During the second, third, and fourth daj'S it AA'as again possible to administer 
quinidine by mouth, despite occasional A’omiting. During this period the patient 
Avas uncomfortable and AA'eak, and rales a2jpeared at the base of the right lung, but his 
general condition Avas satisfactoiy. It AA-as obvious that quinidine induced cardiac 
sloAA'ing, but it could not be administered oralty in doses sufficiently large to reduce 
the rate to normal. On the fourth daj' atropine sulfate AA-as administered at tAA'O-hour 
intervals for three doses, beginning AA-ith % 5 o of a grain and increasing each dose so 
that the third dose Avas %o ^ grain ; this aa'us Avithout anj- demonstrable effect. 
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During the fifth day quinidine was discontinued because of vomiting. Six hours 
later his pulse rate began to rise. In ten hours it was again 210, and periods of 
unconsciousness occurred. The administration of quinidine sulfate was again fol- 
lowed by a fall in heart rate to 160, but the rhythm was not converted to normal. 
The patient’s condition had become worse. There were signs of consolidation at the 
base of the right lung, and numerous rales at the base of the left. He developed 
respiratory difSculty, coughed frequently, and raised large amounts of sputum which 
was occasionally bloodstreaked. He had slight fever, and developed considerable 
abdominal distention and slight edema of his legs and over his sacrum. Cj'anosis 
was controlled by oxygen therapy. 

Digitalis was given in the hope of producing intraventricular block, and for its 
tonic effect on the failing myocardium. . Because of the danger of precipitating 
ventricular fibrillation, the digitalis was given in doses of 3 grains every four 
hours, together with a maintenance dose of quinidine (5 grains), and frequent electro- 
cardiograms were taken in order to recognize early any untoward digitalis effect. 
After the fourth dose of digitalis (on the sixth day), the heart rate again increased; 
the patient became weak and disoriented, complained of substernal pain, and had a 
period of unconsciousness during which the heart rate was over 200 and the pulse 
was imperceptible. Tlie electrocardiogram (Dig. 2D) showed a definite decrease 
in the amplitude of the QES complexes and a deep notch in Lead IV. Digitalis was 
discontinued and the dose of quinidine sulfate was again increased, after which the 
heart rate fell to 170 and the patient’s condition improved slightly. 

On the seventh day, despite quinidine, the lieart rate increased and he had periods 
of unconsciousness. Quinine dihydrocliloride was given intramuscularly again, and 
approximately one-half hour later Iiis condition improved considerably. The 
intramuscular administration of quinine dihydrochloride, was continued; at first it 
was given every hour when he was awake, and every 3 to 4 hours when he was 
asleep; later, every 2 hours, day and night. Each dose was followed by perceptible 
slowing of the heart. 

On the ninth day it was evident that the auricular and ventricular rates were 
approximately the same, for after accentuation of the heart sounds for several con- 
secutive beats the sounds would be normal in intensity. In the hope of speeding up 
the auricular rate and possibly decreasing the auriculoventricular block, atropine sul- 
fate was given again in the same way that it had been on the fourth day. Again this 
had no demonstrable effect on the cardiac rate or rliythm; after the third dose, 
however, the patient became disoriented and confused. Because of weakness, seven 
doses of %o grain of strychnine sulfate were given at intervals of four hours.2 

At 7:10 P.M. on the ninth day of the illness the heart rate was 124, and the 
electrocardiographic complexes were of the same character as had been observed 
previously, except that witli the slowing of the rate the duration of the complexes 
increased (Pig. IP). At 7:45 P.M. tlie heart rate was 108, the patient was sleeping 
comfortably, his pulse was full and strong, and his blood pressure was 120/80. The 
heart sounds were of good quality and of uniform intensity, and the rhythm 
was normal. The electrocardiogram (Fig. 2P) showed sinus rhytlim, prolonged 
A-V conduction time (0.22 second), prolonged QES complexes (0.12 second), deep S 
waves in Leads II and III, elevated S-T segments in Leads II, III, and IV, and in- 
version of the T wave in Lead I. 

During the first three days after the termination of the tachycardia the patient 
was comfortable, but weak; the cough, abdominal distention, and edema disappeared, 
and tlie patient complained . of his forced inactivit 3 ^ Eoentgenologic examination 
showed mottling of the lower two-thirds of both lungs, with a moderate degree of 
atelectasis and a small amount of fluid in the right pleural sac. The erythrocj’te 
count was 4,710,000, the leucocyte count was 19,100, and the differential count was 
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normal. Tlie urine examination was negati%'e. The corrected sedimentation index 
was 0.72. The blood serologic reactions were negative. The patient remained in 
bed for two weeks, during which time his strength gradually returned. One month 
after his illness he resumed normal activity. The basal metabolic rate was minus 
4 per cent. He has remained active during the two years which have elapsed since 
this attack. 

This conversion of the rhj'thm to normal on the ninth day after the onset of the 
tachycardia took place approximately two hours after the last intramuscular in- 
jection of quinine dihydrocliloride. A total of 240 grains had been given intra- 
muscularly in the forty-eight hours preceding the conversion to normal rhythm. 
A maintenance dose of 5 grains of quinine was given intramuscularly four times a 
day for a few days, and then he was given quinidine sulfate by mouth (5 grains every 
four hours). The tinnitus disappeared fort 3 '-eight hours after the cessation of the 
massive doses of quinine dihydroehloride ; the only imtoward effect of the drug 
thereafter was moderate soreness and induration of the buttocks at the points of 
intramuscular injections. 

DISCUSSION 

That paroxysmal ventricular tach^mardia may occur in persons with- 
out organic heart disease is not generallj’- recognized, although several 
instances have been reported.®'® The two patients presented here had 
coronary artery disease, but the taehjmardia was not precipitated by any 
evident acute cardiac lesion. Recovery was complete. The duration of 
the attack in Case 2 was 8^ days. Although attacks of longer duration 
have been reported,^ most patients die earlier of cardiac insufficiency 
unless the paroxysm is ended or the ventricular rate is decreased. 

Oppolzer,® in 1866, advised small doses of quinine (1 to 2 grains every 
2 to 3 hours) for its tonic effect in cases of tachycardia accompanied by 
a weak pulse. According to available knowledge, quinine and its isomer, 
quinidine, act on the heart by prolonging the refractory period and 
the conduction time. The latter effect results in a prolongation of the 
interval from the begimiing of the Q to the end of the T wave (the dura- 
tion of electrical sj^stole®), as demonstrated by the electrocardiograms 
in Case 2. Prey, in 1918,^® found that quinidine hydrochloride was 
more effective than quinine in the treatment of auricular fibrillation. 
Lewis and his co-workers^^ later estimated that quinidine was five to ten 
times more effective than quinine in slowing the auricular rate; these 
authors concluded that all of the affialoidal salts were of equal value 
because they were transformed in the stomach to the hydrochloride. 
It is obvious from the above cases, however, that when the attack is 
associated with circulatory collapse and vomiting (which frequently 
occur in acute arrhjdhmias) absorption from the gastrointestinal tract 
cannot be depended upon, and under such conditions of emergency an 
injectable preparation is desirable. 

Hepburn and Ryckert^® have advised the intravenous administration 
of quinidine sulfate. Since approximately 10 c.c. of saline are required 
to dissolve one grain of the drug, this method necessitates the intra- 
venous administration of comparatively large volumes of fluid to cardiac 
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patients. It is impractical for the physician to carry such large volumes 
for emergency therapy, and, furthermore, the preparation of this solu- 
tion requires more time than is usually 'available in such an emergency. 
The need of a small ampoule for emergency use is obvious. The prepara- 
tions now available from the American pharmaceutical houses are 
relatively insoluble, but the more soluble quinine salts may be employed 
for parenteral use. 

The indications for quinine therapy would appear to be: (1) acute 
arrhythmias or tachycardias, when quinidine would ordinarily be used 
but caimot be given by mouth because of vomiting or shock; (2) pro- 
longed arrhythmias which are only partially controlled by the oral 
administration of quinidine sulfate. 

The amount of medication necessary to interrupt the abnormal rhythm 
varies in different persons. In our experience with paroxysmal 
ventricular tachycardia, the administration of a small test dose is un- 
necessary, for it results in loss of valuable time, and the danger of 
collapse or death from continuation of the arrhythmia may be greater 
than the danger from hypersensitivity to the drug. An initial dose of 
10 to 15 grains may be given, and this may be repeated every two, or 
two and a half, hours. This results in a gradual increase in effect, and, 
at the same time, permits evaluation of the effect of previous doses be- 
fore continuing medication. More frequent administration may result 
in toxic effects after the therapeutic result has been obtained ; less fre- 
quent administration (every four hours) is impractical because it is 
too time-consuming and does not result in an increased effect unless 
the amount given is increased with each dose. 

Intramuscular administration is the route of choice. According to 
available knowledge,^^ the drug is fixed by tissues, including the myo- 
cardium, within one-half hour. Renal excretion begins in about one- 
half hour and becomes minimal in approximately four hours. The effect 
on the auricular rate begins about one-half hour after oral administra- 
tion, reaches a maximum in two hours, begins to decrease gradually 
after three hours, and has ceased almost entirely within twenty-four 
hours.” 

Levine” has suggested the use of atropine in cases of ventricular 
tachycardia in which the attack is not controlled by quinidine orally. 
Carter and Traut^ have reported that strychnine enhances the effect of 
quinidine. Neither atropine nor strychnine had any demonstrable bene- 
ficial effect in our case. 

Levy” has listed the untoward effects of quinidine, the majority of 
which were observed when auricular fibrillation had been converted to 
normal rhythm. In our experience with over 100 patients with coronary 
artery disease and normal rhythm (angina pectoris) who received 5 
grains of quinidine sulfate four times daily, the only untoward effects 
observed were diarrhea and, in an occasional instance, urticaria or 
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slight gastric distress. The increase in ventricular rate which reputedly 
follows the administration of quinidine was not the rule, and, if it oc- 
curred, amounted to less than 10 beats per minute,^®’ with these doses. 

The possibility of inducing ventricular tachycardia or fibrillation by 
the administration of quinidine deserves special mention. The literature 
reports seven instances in which this apparently took placed®- 
all except tAvo occurred in eases in Avhich quinidine was being given to 
abolish auricular fibrillation. In cases of auricular fibrillation the ad- 
ministration of quinidine is folloAved by a sloAving of the auricular rate 
and an increase in the ventricular rate. Unless digitalis is given simul- 
taneously Avith the quinidine, the absence of A-V block may result in 
a response of the ventricle to each auricular stimulus, and, therefore, 
ventricular tachycardia or fibrillation. In the tAvo eases reported bj^ 
SeliAvartz and Jezer,^® the patients did not haA'^e auricular fibrillation, 
but suffered from frequent attacks of ventricular fibrillation Ailiich 
occurred spontaneous^ or could be precipitated bj'- several drugs, in- 
cluding quinidine given intravenously. In treating patients Avith angina 
pectoris, Ave have not observed A’-entricular premature beats or ab- 
normal rhythms as a result of quinidine therapy; indeed, the drug is 
frequently of value in eliminating premature contractions of the 
ventricle or auricle. 

Prompt treatment of ventricular tachycardia requires prompt diag- 
nosis. Although the electrocardiogram is the most specific diagnostic 
procedure, Levine and Pulton®^ haA-'e pointed out the characteristics Avhich 
make a clinical diagnosis possible: “First, the rhythm is rapid and es- 
sentially regular, but slight iri’egularities can be detected. Second, the 
quality of the first heart sound Amries in intensity in some of the cycles. 
Third, attempts at vagal or ocular pressure proA^e ineffective in sloAving 
the tachycardia.” In our experience, the variation in the intensity 
of the heart sounds is the greatest aid in diagnosis. The lack of 
response to carotid sinus pressure serA-^es to differentiate tachycardias 
originating in the ventricles from those originating above the A-V node. 
We Avere unable to recognize any irregularity in our tAvo cases, either 
clinically or AAdth the electrocardiogram. 

SUMMARY 

Tavo cases of paroxysmal ventricular tachycardia Avhich demonsti'ate 
that this condition may occur’ AAdthout preceding or subsequent cardiac 
damage are presented. Under such conditions prompt diagnosis and 
treatment are essential, and maj^ result in complete functional recovery. 
The importance of quinidine sulfate in the treatment is illustrated : 
even AA-^hen the drug fails to cause conversion to normal rhythm, it may 
control the ventricular rate and thus prevent prolonged, severe, myo- 
cardial anoxemia, cardiac pain, and myocardial damage. In the presence 
of A-'orniting or circulatory collapse, poor absorption from the gastro- 
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intestinal tract makes parenteral therapy advisable; quinine dihydro- 
chloride may be used under such conditions. 

We wisli to express our appreciation to Dr. Hernnan L. Blumgart and Dr. Paul D. 
White, who saw these patients in consultation, and to the Misses Loretta and Rose 
Gilraartin for their excellent nursing eare of patient S. D. under trying conditions. 
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A QUANTITATIVE BLECTEOCARDIOGEAPHIC 
STUDY OP DIGITALIZATION 

Arthur J. Geiger, M.D., Loren P. Blaney, M.D., and 
William H. Druckemiller, M.D. 

New Haven, Conn. 

T here appears to be a widespread impression that tiie electro- 
cardiogram offers a method for quantitative estimation of the degree 
to which a patient is digitalized, and that such a record is a valuable aid 
in therapjL General statements to this effect are often made or implied 
in textbook discussions of digitals and the electrocardiogram. We have 
always felt reluctant to place such reliance on electrocardiographic 
features. It is, of course, acknowledged that a tracing may show certain 
changes in the RS-T segment and T wave which are so commonly asso- 
ciated with the administration of digitalis that the experienced observer 
immediately recognizes the abnormality as a characteristic effect of 
the drug. j\Ioreover, the electrocardiogram may admittedly give 
valuable and sometimes almost certain evidence of toxic digitalis action. 
Our purpose, however, was primarily to learn whether any reasonably 
reliable and useful quantitative relationships exists with respect to 
electrocardiographic changes accompanying the clinical use of the drug 
in therapeutic doses. 

A search of the literature has disclosed relatively few clinical studies 
bearing directly on this subject. One of the earliest electrocardiographic 
studies of digitalization in man was reported in 1915 by Cohn, Eraser, 
and Jamieson.^ These observers clearly established that digitalis either 
lowered or inverted the T wave and depressed the RS-T segment in the 
majority of the tracings of the thirty-four patients whom they studied. 
Although some of the subjects were admittedly intoxicated by the doses 
of digitalis which were administered, nevertheless definite electrocardio- 
graphic changes apparently resulted from exhibition of the drug in 
therapeutic amounts, also. No attempt was made in this work to 
correlate the nature or extent of the changes in RS-T and T with degrees 
of clinieal digitalization. Shortly after the report by Cohn and his 
collaborators, White and Sattler^ described lowering of the T wave as 
an early effect of digitalis, and Pardee^ attempted to apply this 
phenomenon in the assay of digitalis preparations, but a lack of uni- 
formity in the electrocardiographic effects of the drug was evident, even 
though the number of cases was small. 
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Larsen, Neiikircli, and Nielsen^ reviewed the literature of this subject 
up to 1937, and described their own studies of the electrocardiographic 
changes which occurred in 15 normal adults after digitalis administra- 
tion. As the subject has changed but little since then, a summarj* of 
their review may serve to indicate the present status of the problem. The 
consensus was that the P-R (or P-Q) intervals showed inconstant in- 
creases in duration, sometimes to the point of partial A-V block; but 
these changes could not be correlated ivith definite therapeutic states of 
digitalization. Only infrequent and relatively slight changes in the 
RS-T segment were observed, and these consisted usually of slight de- 
pression of the BS-T segment, or slight diminution in the height of 
the T wave. Concerning the T wave, Larsen and his associates com- 
mented, “Although the statements in the literature concerning the 
effect of digitalis administration on the shape of the T wave in normal 
subjects on the whole are in good agreement, all possible variations have 
been reported.” 

Stewart and Watson,® in a recent study directed particularly toward 
the effect of digitalis on the form of the chest-lead electrocardiogram, 
illustrated eight representative types of electrocardiographic changes 
following digitalis. In only one of the series of tracings depicted 
(Stewart and Watson’s figure 5), was either the RS-T segment notably 
depressed or the direction of T reversed in the conventional limb leads ; 
on the other hand, a variable diminution in the amplitude of the T 
wave was noted in one or more leads of the other series of tracings shown. 
More recently. Levy and Boas,® in comparing the electrocardiographic 
effects of gitalin and digitalis in thirty-five cases, stated that the two 
drugs gave similar results. In 11 cases neither drug in therapeutic 
doses produced changes in the T wave, whereas both drugs produced 
only slight alterations in T in tivelve cases, moderate clianges in ten, and 
marked effects in only two. 

Although there is general uniformity of opinion that digitalis tends 
chiefly to depress the RS-T segment and diminish the amplitude of, 
or invert, the T wave, no direct correlation has apparently been estab- 
lished between the doses of digitalis which were administered and the 
resultant changes in RS-T and T, and there appears to be no reliable evi- 
dence from previous experimental work that the electrocardiogram can 
serve as a measure of the degree of digitalization of a patient. 

The few reported studies of the Q-T duration all agree that digitalis 
effects a relative shortening of this interval. Cheer and Dieuaide^ con- 
sidered that such, a shortening of the Q-T interval was a more sensitive 
indicator of digitalis effect than lengthening of P-R, and a more definite 
change than alterations in the T wave. 

Inasmuch as most of the leading reports concerning digitalis effects 
on the electrocardiogram antedated the general use of precordial leads, 
there has been relatively little written about this particular aspect 
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since the report by Strauss and Katz® that digitalis may cause inversion 
of the T Avave in the chest lead. In a thorough studj^ of the subject in 
thirty cases, Stewart and Watson^ found that digitalis in therapeutic 
amounts resulted in some alteration of the T wave (Avhieh became loAver 
in amplitude or reversed in direction) in all but one instance; changes 
in the RS-T segment Avere encountered in only a third of the cases, and 
AA^ere considered less marked than changes in the T Avave. No attempt 
Avas made to relate the nature or degree of RS-T and T-Avave changes 
to specific amounts of digitalis, and no correlation seemed evident, for 
Amrious degrees of change, from none to considerable, Avere encountered 
in different cases in AAdiieh similar amounts of digitalis Avere .given. 
Casual observation of electrocardiograms taken routinely in this labora- 
tory has abundantly demonstrated that digitalis may alter the RS-T 
segment level and T Avave in the precordial lead, and has also confirmed 
the observation of SteAvart and Watson® that the degree of change 
suffered by T in the precordial lead is frequently more pronounced than 
in the limb leads. 

It appeared, from these various reports, at least, that no definite 
quantitatiA^e relationship had been clearly established betAveen digitalis 
concentrations and electrocardiographic changes. HoAvever, it seemed 
to us that the subject had been inadequately explored, and that further 
study AA’-as required, not only of the effects on normal subjects, but more 
particularly on patients Avith heart disease in various functional states. 
Moreover, it seemed promising to study more thoroughly the shortening 
of the Q-T interval AAdiich Avas attributed to digitalis by Cheer and 
Dieuaide;" and, finally, it Avas considered interesting to learn Avhether 
precordial leads offer any advantage over the conA’^entional limb leads 
in the quantitative estimation of digitalization. 

SECTION I 

A STUDY OF PROGRESSIA'E DIGITALIZATION IN TEN NORMAL SUBJECTS 

Ten normal male volunteers, ranging in age from 22 to 32 years, were studied 
electrocardiographieally during progressive digitalization. None of the subjects 
had a liistory or physical signs of heart disease; roentgenograms of the chest showed 
hearts of normal configuration and size, and all had normal blood pressures. 

Consistency in procedure was sought by administering the digitalis in a prede- 
termined and uniform manner. Each subject received a total dose of digitalis, 
U.S.P. (Davies, Rose, and Company), wliich was calculated on the basis of 0.1 Gm. 
per 10 pounds of bodj' weight, pte 0.15 Gni. for each day of the digitalizing period 
to compensate adequately for excretion. Since the digitalis employed inet the 
U.S.P. XI assay requirements, the total quantity of -the drug administered was ap- 
proximately 30 per cent in excess of the tlieoretically optimal digitalizing dose.® 
One-third of the total dose was given on the initial day, and the remaining two-tliirds 
was administered in equal portions during the following four days. 

Electrocardiograms, including the three conventional limb leads and precordial 
lead lA^ E,io were recorded four hours after each dose, and several follow-up tracings 
Avere obtained at Aveekly intervals for one month longer, or until the electrocardio- 
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gram was identical witli the original record. Electrocardiographic measurements 
included the P-E interval, Q-T duration (considered in relation to E-E time), changes 
in the ES-T segment, and alterations in the amplitude and direction of the T wave. 
Although these features were studied in all leads, it was found that Lead II was 
fully representative of the limb leads with regard to the P-E and Q-T measure- 
ments, and therefore, for reasons of simplicitj', these particular data are presented 
in Table I for Leads II and IV E only. The T-wave amplitude and direction (see 
Table II) were studied in all four leads. The values indicated in Tables I and II 
represent average measurements of at least three successive complexes or \vaves. 

Table I 


Electrocardiographic Changes Following Digitalization of Normal Adult 

Males 


PATIENT 

NO. 

digitalis 

PER CENT 

1 LEAD II 


LEAD 

IV F 


P-R 

SEC. 

Q-T* 

SEC. 

R-R* 

SEC. 

"IC” 

P-R 

SEC. 

Q-T 

SEC. 

R-R 

SEC. 

“ K ” 

1 

0 

.18 

.386 

.766 

.411 

.16 

.360 

.733 

.421 


130 

.20 

.333 

.933 

.346 

? 

.337 

.900 

.345 

2 

0 

.17 

.340 

.713 

.403 

.16 

.346 

.740 

.403 


130 

.16 

.380 

1.233 

.343 

.17 

.366 

1.153 

.342 

3 

0 

.16 

.393 

.980 

.397 

? 

.400 

1.007 

,394 


130 

.18 

.340 

1.160 

.317 

? 

.367 

1.253 

.327 

4 

0 

.18 

.373 

.993 

.373 

.16 

.380 

.993 

.382 


130 

.17 

.366 

1.033 

.365 

.16 

.353 

.926 

.367 

5 

0 

.16 

.375, 

1.000 

.375 

? 

.376 

1.060 i 

• 3.69 


130 

.16 

1 

.340 

1 

,750 

.393 

1 

.16 

.326 

.800 

.365 

6 

0 

.16 

.360 

.833 

.394 

.10 

.420 

.926 i 

.436 


130 

.16 

.346 

.713 

.410 

? 

.393 

1.000 

.393 

7 

0 

.14 

.340 

.700 ! 

.408 

.16 

.340 1 

.680 

.412 


130 

1 ,18 

1 

.360 

.920 

.376 

.18 

.346 

.913 

.303 

8 


.17 

.393 

.753 

.454 

.10 

.360 

.820 

.397 


130 

.18 

.300 

.726 

1 

.423 

.18 

.353 

.753 

.403 

9 

0 

.16 

.373 

.806 

.416 

.14 

.300 

.800 

.403 


130 

.15 

.360 

.860 

.388 

.15 

.353 

.820 

.386 

10 

0 

.18 

.367 

.780 

.415 

.14 

.327 

.840 

.357 


130 

.20 

.393 

1.060 

.381 

? 

.330 

1.033 

.320 


♦Values represent averages of 3 to 5 measurements. 


RESULTS 

As may be seen from Table I, the P-E duration increased not more 
than 0.02 second in about half the records, whereas the remainder 
showed no change or very slight shortening. These alterations were 
probablj'- ivithin the limits of expected variation for the changes in 
heart rate. The P wave was usually either absent or poorly defined 
in Lead IV P, and P-E intervals were not satisfaetoril.y measurable. 
It was apparent that a change in the P-E duration could not serve as 
a quantitative measure of digitalization, even when moderatelj’- exces- 
sive doses of the drug had been administered. 
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2. The Q-T time was considered in relation to the cardiac cycle 
length, following the method of Cheer and Dieuaide,'^ who employed a 
modification of Bazett’s formula, as follows: 

Q-T == "K” times the square root of R-R; 

or 

“K” = Q-T divided the square root of R-R. 

“K” has been found to be relatively constant ivithin narrow limits 
when the heart is normal,^^ and increased when it is failing/ It is 
evident from the equations that a decrease in Q-T, relative to R-R, 
will result in a smaller value for “K.” Although Table I indicatas 
that “K” was diminished in eight of the ten subjects at the height of 
digitalization, careful analysis of the intermediate electrocardiograms 
revealed that this change was not a progressive one ; in fact, the values 
for “K” in the successive records of the majority of the subjects showed 
considerable irregular variation, and the seemingly consistent effects in 
Table I are probably quite fortuitous. 

3. In a majority (60 per cent) of the normal records the RS-T seg- 
ment was veiy slightly (less than one millimeter) above the isoelectric 
line, and was lowered to the isoelectric line during the administration 
of digitalis. In about half the records the RS-T segment was less than 
one millimeter below the isoelectric line at the height of the digitalis 
effect. These changes were not only regarded as within the limits of 
normal variation, but they were entirel}^ too slight to serve as a quantita- 
tive measure of digitalization. 

4. The T-wave changes during progressive digitalization were remark- 
able chiefly for their inconsistency in character and their relatively 
small magnitude. As may be seen from Table II, slight inversion of T 
developed onlj^ three times among the forty leads from the ten subjects, 
and T became diphasic only three times. A reduction in the amplitude 
of T was a common accompaniment of digitalization, and this was most 
pronounced in the preeordial lead. But in only three of the subjects 
(Nos. 2, 8, and 10) was this a uniformly progressive effect ivith in- 
creasing digitalization ; in all the remainder the T wave gained positive 
amplitude in one or more leads at either the theoretically optimal level 
of digitalization, as compared with the normal, or at the overdigitaliza- 
tion level, as compared with the optimal (note especially subject No. 4 in 
Table II). This result came as a distinct surprise. One is led to sur- 
mise that physiologic variations, as well as digitalis influence, must ac- 
count for such alterations in the character of the T wave. 

The indefinite effects of digitalis on the RS-T segments and T waves 
in each lead of the records from the normal subjects are graphically 
depicted in Pigs. 2 and 3. 

It is apparent from the above that the electrocardiographic changes 
which accompanied progressive digitalization of these normal subjects 
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Table II 


T-Wave Changes Following Digitalization op Normal Adult Males 


PATIENT 

NO . 

digitalis 

PER CENT 


T WAVES 

; ( MM .) 


1 * 

11 

Ill 

IV F 



+ 2.0 

+ 4.0 

+ 2.5 

+ 4.5 



+ 2.5 

+ 4.0 

+ 1.5 

+ 5,0 



+ 2.5 

+ 2.5 

+ 1.5 

+ 5.5 

2 

0 

+ 2.0 

+ 2.5 

+ 0.5 

+ 4.5 


100 

+ 1.0 

+ 1.5 

+ 0.5 

+ 1.0 


130 

+ 1.0 

+ 1.0 

+ 0.5 

+ 1.5 

3 

0 

+ 3.0 

+ 7.0 

1 + 3.5 

+ 7.0 


100 

+ 1.5 

+ 3.5 

+ 3.0 

+ 5.0 


130 

+ 1.5 

+ 6.5 

I + 3.0 

+ 6.0 

4 

0 

1 + 3.5 

1 + 4.5 

+ 1.0 

+ 8.0 


100 

1 + 1.5 

j + 2.0 

- 1.0 

, + 2.0 


130 

I + 5.0 

I + 4.5 

+ 1.5 

+ 5.0 

5 

1 

i 0 

+ 5.0 

+ 4.5 

- 1.0 

+ 6.5 


100 

+ 2.5 

+ 2.5 

± 1.0 

± 1.5 


130 

+ 2.5 

+ 2.5 

± 1.0 

+ 4.0 

6 

0 

+ 3.0 

+ 3.0 

+ 1.5 

+ 5.0 

100 

+ 2.0 

+ 2.0 

± 1.0 

+ 1.0 


130 

+ 2.0 • - 

+ 2.0 

0.0 

+ 2.5 

7 

0 

+ 2.0 ^ 

+ 4.0 

+ 2.5 

+ 6.0 


100 

+ 2.0 : 

+ 2.5 

+ 1.0 1 

+ 3.0 


130 

+ 2.0 ' 

+ 3.0 

+ 1.0 1 

+ 1.5 

8 

0 

+ 3.0 ' 

+ 6.0 

+ 3.5 * 

+ 9.0 


100 

+ 3.0 

+ 4.0 

+ 1.5 

+ 6.0 


130 

+ 3.0 

+ 4.0 

+ 1.5 

+ 6.0 

9 

0 

+ 2.0 

+ 2.0 

+ 0.5 

+ 3.5 


100 

+ 3.0 

+ 2.0 

- 1.0 

+ 6.0 


130 

+ 1.5 

+ 1.5 

± 0.5 

+ 2.5 

10 

0 

+ 3.0 

+ 3.5 

+ 0.5 

+ 3.0 


100 

+ 2.0 

+ 1.5 

- 1.0 

+ 2.0 


130 

+ 1.0 

+ 1.5 

+ 1.0 

+ 1.5 


‘Numerals refer to leads. 


were too small in degree and too inconstant in character to indicate 
any quantitative correlation between the electrocardiographic effects 
and corresponding degrees of digitalization. This was true even when 
digitalis was administered in a dose Avhich was presumably in the early 
toxic range. 

SECTION II 

A STUDY OF PROGRESSIVE DIGITALIZATION OP TEN PATIENTS WITH HEART 
DISEASE AND CONGESTIVE FAILURE 

The possibility that patients with diseased hearts might show digitalis 
effects different in kind and in degree from those observed in the pre- 
ceding experiments on normal subjects led us to study in similar fashion 
ten patients with congestive failure caused hy heart disease of various 
kinds. All of these subjects were hospitalized; their ages ranged from 
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TABLK III 

Electrocardiographic Changes Following Digitalization of Patients With 

Congestive Failure 


PATIENT 

DIGITALIS 

LEAD II 


LEAD 

IV F 


P-R 

Q-T* 

R-R* 

> * 

P-R 

Q-T 

R-R 


NO. 

PER CENT 

SEC. 

SEC. 

SEC. 


SEC. 

SEC. 

SEC. 


11 

0 

0.20 

0.353 

0.753 

0.407 

? 

unreadable 


130 

0.20 

0.333 

0.827 

0.367 

0.16 

0.320 

0.806 

0.352 

12 

0 

? 

0.373 

0.653 

0.463 

? 

0.366 

0.666 

0.448 


130 

? 

0.240 

0.353 

0.404 

? 

0.260 

0.346 

0.4501 

13 

0 

0.16 

0.347 

0.613 

0.443 

? 

0.353 

0.573 

0.467 


130 

0.18 

0.353 

0.707 

0.420 

? 

0.360 

0.720 

• 0.425 

14 

0 

0.20 

0.430 

1.087 

0.413 

0.15 

0.440 

1.080 

0.423 


130 

0.24 

0.433 

1,033 

0.426 

? 

0.420 

1,100 

0.398 

15 

0 

0.16 

0.333 

0.700 

0.400 

? 

0.370 

0.680 

0.448 


130 

0.17 

0.327 

0.700 

0.392 

? 

0.300 

0.673 

0.366 

16 

0 

0.16 

0.400 

0.560 

0.535 

0.14 

0.300 

0.560 

0.403 


130 

0.18 

0.360 

0.740 

0.419 

0.14 

0.340 

0.760 

0.391 

17 

0 

0.16 

0.510 

1.287 

0.449 

0.14 

0.500 

1.300 

0.439 


130 

0.16 

0.420 

1.060 

0.407 

? 

0.473 

1.110 

0.451 

18 

0 

0.24 

0.447 

0.840 

0.489 

0.16 

0.427 

0.817 

0.472 


130 

0,20 

0.400 

0.813 

0.443 

0.18 

0.400 

0.800 

0.448 

19 

0 

0.24 

0.367 

0.710 

0.436 

0.16 

0.387 

0.720 

0.458 


130 

0.20 

0.310 

0.613 

0.396 

? 

0.337 

0.623 

0.427 

20 

0 

0.14 

0,420 

1.080 

0.404 

0.12 

0.427 

1.080 

0.411 


130 

0.14 

0.323 

0.670 

0.396 

0.16 

0.373 

0.657 

0.462 


“Values represent averages of 3 to 5 measurements. 


45 to 89 years, and they included seven men and three women. None 
had received digitalis for at least one month previous to this investiga- 
tion, The general plan and procedure already described in the study of 
the normal subjects were followed in this group, except that in a few 
cases digitalization was carried out in less than five days because of 
clinical urgency, 

RESULTS 

The results of the studj^ of this gz’oup are summarized in Tables III 
and IV. From Table III it is apparent that the changes in P-R dura- 
tion which accompanied the administration of digitalis in therapeutic 
doses were too small and too inconstant to serve as a measure of the 
effect of the drug. The value for “K” was fairly consistently, but not 
uniformly, shorter in Lead II when digitalis was administered; in Lead 
IV P the value for “K” after digitalis was unchanged in one case, be- 
came increased in two others, and was variably shortened in seven. 
Studj^ of all the electrocardiograms in each patient’s series, however, 
revealed a lack of progressive change in “K” with increasing doses of 
digitalis, from which it appeared that this feature did not offer a quanti- 
tative indicator of digitalization. In only two of the ten series of 



GEIGER ET Al.. : 


STUDY OF DIGITALIZATION 


237 


Table TV 


T-WAvE Changes Following Digitalization of Patients 
With Congestive Failure 


PATIENT 

NO . 

digitalis 

PER CENT 

T WAVES ( MM .) 

I * 

II 

III 

IV F 

11 

0 

± 2.5 

- 3.0 

+ 3.5 

- 2.0 


100 

± 2.0 

+ 1.0 

+ 2.0 

± 1.0 


130 

± 3.0 

± 1.0 

± 2.0 

+ 1.5 

12 

0 

- 1.0 

- 1.5 

- 0.5 

+ 2.0 


100 

- 2.0 

- 1.0 

- 0.5 

+ 1.0 


130 

+ 1.5 

+ 1.0 

- 0.5 

+ 1.0 

13 

0 

+ 1.0 

+ 1.5 

+ 0.5 

+ 11.5 


100 

+ 1.0 


± 0.5 

+ 8.0 


130 

+ 1.5 

+ 1.5 

± 0.5 

+ 11.1 

14 

0 

+ 1.0 

+ 1.5 

0.0 

± 1.0 


100 

+ 1.0 

+ 2.0 

0.0 

± 2.0 


130 

+ 1.5 

± 1.0 

0.0 

± 1.5 

15 

0 

± 1.5 

+ 1.0 

+ 3.0 

+ 3.5 


100 

- 2.5 

+ 2.0 

+ 3.0 

± 1.5 


130 

- 3.5 

+ 1.0 

+ 3.0 

- 1.5 

16 

0 

± 2.0 

+ 1.5 

+ 2.0 

- 4.0 


100 

± 2.0 

+ 0.5 

+ 1.0 

- 4.0 


130 

± 2.0 

“I'O.S 

+ 1.0 

- 4.0 

17 

0 

- 1.0 

+ 1.0 

+ 1.5 

- 4,5 


100 

- 1.0 

0.0 

+ 1.0 

- 4.0 


130 

- 1.0 

± 0.5 

+ 1.0 

- 5.0 

18 

0 

+ 2.0 

+ 2.5 

- 0.5 

+ 6.5 


100 

+ 1.5 

+ 2.0 

+ 1.0 

+ 2.0 


130 

+ 1.5 

+ 3.0 

+ 0.5 

+ 2.0 

19 

0 

+ 1.0 

+ 1.0 

- 1.0 

± 1.5 


100 

± 1.5 

- 2.0 

- 3.0 

- 1.0 


130 

± 1.5 

- 2.0 

- 3.0 

- 1.5 

20 

0 

0.0 

+ 1.0 

+ 0.5 

± 2.0 


100 

- 2.0 

- 1.0 

+ 1.0 

- 2.0 


130 

- 2.0 

- 1.5 

+ 1.0 

- 1.5 


•Numerals refer to leads. 


electrocardiograms were the ES-T segments depressed lielow their 
original levels following digitalis. As may be seen from Table IV, the 
T wave lost amplitude in the records of three patients, and changed from 
positive to negative in three other cases following digitalis; in the 
tracings of four patients, on the other hand, T gained in positive 
amplitude in one or more leads. Similar irregular changes in T were 
observed in the study of the norn.al group (see Section I) . 

No exact correlation between specific electrocardiographic changes 
and the state of digitalization was seen in these series of records from 
unselected patients with heart disease. In all but three of the ten 
cases the original electrocardiograms already exhibited abnormalities 
of the ES-T segments and T waves, and these may have interfered 
with the development of digitalis effects. 
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SECTION ni 

EFFECTS OF DIGITALIS ON THE ELECTROCARDIOGRAMS OF FIFTY 
SELECTED PATIENTS WITH HEART DISEASE 

In order properly to investigate the electroeardiographie effects of 
digitalis on patients with diseased hearts, it was considered necessary to 
eliminate those whose variety of heart disease was known to be com- 
monly associated with abnormalities of the RS-T segments and T waves. 
Excluded on this basis were patients more than 50 years of age, and 
cases of angina pectoris or m 3 ''ocardial infarction. Subjects with hyper- 
tension and with lesions of the aortic valves were rejected because their 
electrocardiograms are knovn frequentty to show ES-T and T-wave 
abnormalities resembling those caused by digitalis. Also discarded were 
the records of patients udth active rheumatic mjnearditis, acute in- 
fectious diseases, pericarditis from anj'- cause, advanced renal failure, vi- 
tamin deficiencj'- disease, pulmonaiy embolism, and undiagnosed disease. 
As a result of such a rigid selection, therefore, the “cardiac group’' con- 
sidered in this studj'^ was composed almost entirely of patients with 
chronic rheumatic heart disease without aortic valvulitis. ■ The material 
which was finalty considered acceptable for study comprised 113 electro- 
cardiograms from 50 patients, and represented about 3.5 per cent of the 
records obtained in this laboratory from January, 1938, to Juty, 1940. 

For convenience in handling the data, the electrocardiograms were 
classified as follows : 


CLASS 

DESCKtPTION 

N 

Normal adult males 

ND 

Normal adult males, digitalized 

S 

Cardiac sulijeets with sinus mechanism, without digitalis and 
without failure 

SF 

Cardiac subjects with sinus mechanism, witliout digitalis, but 
in congestive failure 

SD 

Cardiac subjects with sinus mechanism, digitalized, but not in 
failure 

SUP 

Cardiac subjects with sinus mechanism, digitalized and in 
failure 

A 

Cardiac subjects with auricular fibrillation, without digitalis 
and not in failure 

AF 

Cardiac subjects with auricular fibrillation, without digitalis, 
but in failure 

AD 

Cardiac subjects with auricular fibrillation, digitalized, but not 
in failure 

ADF 

Cardiac subjects with auricular fibrillation, digitalized and in 
failure 


Tlie following measurements were made in millimeters for all leads : 

1. The level of the RS-T junction. 

2. The level of the RS-T segments, if such a horizontal level existed 
(Fig. 1, c) y otherwise, the height or depth to which this portion of the 
curve progres.sed before the formation of the T wave (Fig. 1, a). Often 
it was difficult, and sometimes' impossible, to differentiate the com- 
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ponent parts of the RS-T segment and T wave, and the points then 
measured were taken where abrupt changes in direction occurred, as 
■ is illustrated in Fig. 1, a. Frequently there was no BS-T segment level 
(Fig. 1, b, d) and in the graphs (Fig. 2) the BS-T junction and the 
crest of T in such instances were joined by a straight line. 

3. The amplitude and direction of T. When T was diphasic, the 

amplitude of the second phase was chosen. 

These three points, together with the isoelectric line, were plotted 
for every electrocardiogram in each group, and the graphic results are 
presented in Fig. 2. 



Fig. 1 . — Selected reference points for the graphic representation of tli^e KS-T and 
T variations depicted in Fig. 2; 1, level of RS-T junctiiyi ; 2, course of RS-T ^gmenh 
or point of reversal in a diphasic wave, as in a (this feature is considered aosent in 
tracings like 6 and d) ; 3, amplitude of T wave, or second phase in a diphasic wave. 


Although the criteria for selecting the electrocardiograms representing 
the “cardiac group” were intended to furnish records .that were rela- 
tively free from BS-T and T-wave abnormalities wliicb could be at- 
tributed to the heart disease itself, it was considered essential actually 
to establish the pre-digitalization characteristics for this group, rather 
than assume that they were normal. Accordingly, thirty-three records 
of patients who had not yet received digitalis Avere compared Avith the 
tracings of ten normal subjects (Section I), and the folloAving minor 
differences Avere found : 

Table V ' 


LEAD 

ELECTKOCARPIOGEAPHIC FEATURES 

normal 
(10 RECORDS) 

cardiac 
(33 RECORDS) 

r 

Slight elevation of ES-T junction* 

30% 

3% 


Slight elevation of KS-T segment 

60% 

3% 

II 

Slight elevation of RS-T junction 

50% 

6% 


Slight elevation of ES-T’ segment 

80% 

9% 

III 

Upright T wave 

so% 

33% 

IV P 

Slight elevation of ES-T segment 

100% 

26% 


♦Slight elevation means usually within the accepted normal limit of 1 mm. 


Comment . — The electrocardiogi’ams of the normal subjects shoAved 
elevation of the BS-T junction and segment (AAothin the accepted normal 
limit of 1 mm.) in the majority of cases, AtBereas those of the cardiac 
group presented more nearly isoelectric BS-T segments. The T Avaves in 
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Leads I and II were npidglit in all. Our “cardiac group” was therefore 
regarded as acceptable for the studj’- of digitalis effects. It is interesting, 
incidentally, that an isoelectric or negative T deflection in Lead III 
alone, although not considered abnormal, Avas decidedl}^ more common in 
the group AAdth heart disease. 

The electrocardiographic changes after digitalization Avere studied 
in 80 records from patients Avith heart disease, and compared Avith the 
group of 33 tracings from patients Avho had not received the drug. The 
most signiflcant differences Avere as folloAVS : 


Table VI 


LEAD 

ELECTROCARDIOGRAPHIC FEATURES 

NONDIGITALIZED 
(33 RECORDS) 

digitalized 
(80 RECORDS) 

II 

Slight depression ES-T segment 

18% 

39% 


Inverted and isoelectric T waves 

3% 

34% 

III 

Slight depression ES-T segment 

6% 

25% 

IV F 

Slight depression ES-T segment 

5 % 

31% 


Inversion of T wave 

0 % 

10% 


Comment. — In onlj^ a minority of the records from digitalized patients 
Avere the ES-T segments loAvered and the T Avaves inverted. Even these 
differences betAA^een the digitalized and the nondigitalized group Avere 
not, hoAvever, necessarily an effect of digitalis, for the treated group 
contained many more patients Avith grave heart disease, AAdiich might it- 
self have introduced these abnormalities into the electi’oeardiogram. 



The aboA'^e eightj’’ tracings of digitalized patients included many Avho 
had auricular fibrillation, cardiac failure, or both. To eliminate the 
possible electrocardiographic effects of advanced heart failure and 
auricular fibrillation, a smaller group AAdiich AA^as free from these com- 
plications Avas chosen for study. TAventy-nine electrocardiograms AATre 
available on patients Avith heart disease but no failure or abnormality 
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of rhythm. Approximately half of these records were from patients 
who were receiving digitalis. As may be seen from Pig. 2, classes /S and 
SD, the direction of T in both these uncomplicated digitalized and non- 
digitalized groups was essentially the same. Althongh it is probable that 
the depression of tlie ES-T segment, Avhich appeared particularly in 
Lead IV P, and the general loss in amplitude of the T waves were caused 
largely by the digitalis, the fact that these rather arbitrary changes were 
present in less than half the tracings detracts from their usefulness as 
quantitative indicators of digitalization. 

Pursuing further the idea that T-wave inversion may be an expression 
of cardiac disease, rather than a digitalis effect, comparisons of various 
classes and combinations of classes of heart disease were made, and 
these data are presented graphieaUy in Pigs. 2 and 3 and in tabular 
form in Table VII. 


LEAD I 


T.P.tP II LEAD IT' 


LEAD I 


LEAD II LEAD III 



3.— A, frequency of elevation and depression of the RS-T seement pvnrpuspri 
^'^^stence between the sum of the positive and negative displacements 
represents the incidence of isoelectric RS-T seg-ments. B Freauencv 
®^*’‘J.*16Sative T -waves, expressed in per cent. The difference between the 
fs^orfecLfc Vwaves. represents ?he incite of 


Pig. 2 IS designed to present iii a quantitative, graphic form the com- 
posite picture of the ES-T and T features of the several heart disease 
classes. It is divided into a “No Digitalis” and “Digitalis” section, 
each of which is subdivided into selected classes of cardiac disease, ar- 
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♦The Class designations are defined in the second paragraph of Section III. 
tlTigures indicate per cent of records showing these features. 

JThe parenthetical figures indicate the number of records represented. 
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ranged from left to right in an approximate order of increasing ab- 
normality of cardiac function. Inspection of the several classes enables 
one to observe the probable effects of digitalis, heart disease, auricular 
fibrillation, and congestive failure upon the ES-T segments and T waves. 
Table VII represents an analysis of the positive and negative deviations 
of RS-T and T, and shows the frequency of these de^dations in the 
several heart disease classes. 

Examination of Pig. 2 and Table VII, with particular attention to the 
RS-T segments and T waves, reveals several interesting facts bearing 
on the effect of digitalis. For example, although depression of the 
BS-T segment in Lead II was not observed in normal subjects even when 
they were digitalized, it was already present in 20 per cent of the 
cardiac patients before digitalis ivas given, and this incidence rose to 
but 40 per cent when the patients were receiving digitalis. Depression 
of the RS-T segment in Lead III was found in 50 per cent of the normal 
digitabzed subjects, but in only 25 per cent of the digitalized cardiac 
patients who did not have failure. Depression of the RS-T segment in 
Lead IV F appeared in about one-third of the tracings, and seemed, in 
this lead alone, to be entirely a manifestation of digitalis effect in our 
"selected cardiac group.” In Lead I there was little or no change in 
this segment following digitalis. 

A negative T deflection was rare in Lead I in the digitalized group. 
In Lead II, inverted T waves occurred infrequently (20 per cent), and 
almost exclusively in classes complicated by heart failure, regardless of 
the presence or absence of the digitalis factor. The high incidence of 
isoelectric T waves in the cases of auricular fibrillation was due, in large 
part, to the difficulty in measuring T in the presence of coarse fibrillary 
waves. No positive statement can be made concerning the direction of 
the T waves in Lead III. It is apparent that flattening or inversion of 
the T wave seemed to be an expression of heart disease more than of 
digitalization in any of these classes; this fact is graphically portrayed 
in Fig. 3. 

The presence of auricular fibrillation, unlike congestive failure, was 
not associated with a greater abnormality of the RS-T segment and 
T wave, nor did digitalis in the presence of this mechanism show more 
pronounced effects. 

, It appears from these observations that, although the electrocardio- 
gram may reveal more or less characteristic changes attributable to 
digitalis, such effects are inconstant and unpredictable; that similar 
changes may result from abnormal cardiovascular states aside from 
digitabs influence; and that the electrocardiogram has, therefore, no 
general clinical value as a quantitative measure of digitalization in the 
therapeutic range. 

SUMMARY AND CONCLUSIONS 

Progressive digitalization of ten normal subjects produced electro- 
cardiographic changes which were too small in degree and too ineon- 
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stant in character to indicate any quantitative correlation between the 
amount of the drug administered and the resultant electrocardiographic 
effects. 

Similar results Avere obtained in a parallel investigation of ten un- 
selected patients Avith heart disease and congestive failure. 

The study aa^s extended to include more than 100 electrocardiograms 
from a group of fifty patients Avho Avere carefully selected AAuth the ex- 
pectation that their eleetroeardiograms Avould be relatively free from 
BS-T and T-Avave abnormalities Avhieh could be attributed to the heart 
disease itself. 

' It AAms obseiwed: (1) that depression of the RS-T segments, Avith, per- 
haps consequent, loss in amiilitude of the T AAmves, occurred in less than 
half of the electrocardiograms of the selected, digitalized patients; (2) 
that the onset and progression of such changes Avere neither constant 
nor uniform accompaniments of the administration of digitalis, and 
Avere not quantitatively indicative of the amount of the drug that had 
been giA'^en; (3) that heart disease itself resulted in abnormality of the 
RS-T segment and T Avave quite independent of digitalis effects. This 
AA^ould, of course, have been much more striking if our “cardiac group” 
had not been selected in such a Avay as to exclude patients Avith those 
lesions Avhich characteristically cause such abnormalities. 

We conclude that the electrocardiogram has no practical clinical A^alue 
for the quantitative estimation of the digitalis saturation of patients. 
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VARIABLE INTERVAL BETWEEN ELECTRIC AND ACOUSTIC 
PHENOMENA IN AURICULAR FIBRILLATION 

Aldo Luisada, M.D. 

Waltham, Mass. 

T he time relation between the initial wave of the electrocardiogram 
and the first heart sound has been studied by many authors, in nor- 
mal subjects and in patients, and the results have varied considerably. 
Lewis^ says that the first sound begins 0.002 to 0.026 sec. after the 
beginning of R, and 0.011 to 0.039 see. after the beginning of Q, with 
a verj'' wide range of time. Lewis’ study was done on patients "with 
mitral stenosis and is quoted fii’st because all three patients that I 
have studied had this disease. In normal subjects, Wiggers and Dean^ 
found that the initial vibrations of the first sound occurred 0.01 to 0.02 
sec. after the beginning of R in Lead II, never before the peak of R, 
and even 0.03 to 0.045 see. after this peak. Among the recent authors, 
Cossio® saj’^s that the first sound starts with the apex of R, or 0.01 see. 
after it. Calo^ says that it can start from 0.02 sec. before the begin- 
ning of R to 0.05 sec. afterwards. Leblanc^ gives figures of 0.02 to 
0.04 sec. after the beginning of the QRS complex, and Caeiro and 
Orias® 0.008 see. before the peak of R. 

From a short review of the literature it is easy to see that the time 
relation between initial wave of the electrocardiogram and first sound 
may varj^ within a wide range, in normal people as well as in patients. 
Until now, however, it was thought that, in the same patient under 
the same conditions, the relation between electric and acoustic manifesta- 
tions of ventricular systole was fixed, or at least could show only 
minimal changes. A study of one patient with mitral stenosis showed, 
on the contrary, some interesting features that will be described beloAv. 
Therefore, the same study was later repeated on two other patients. 
The first patient, who showed the more marked changes which are the 
object of this study, was a 40-year-old man with mitral stenosis, slight 
heart failure, and auricular fibrillation. The other two patients, Avho 
were chosen as controls, were 38 and 48 years of age, respeetivety, 
and both had mitral stenosis, slight heart failure, and auricular fibrilla- 
tion. The study was accomplished with a Stetho-Cardiette (Sanborn). 
Recording of the standard leads and of the heart sounds from dif- 
ferent areas of the precordium Avas followed, in the third case, by simul- 
taneous recording of heart sounds and venous pulse, and of heart sounds 
and arterial pulse. 

From the Department of Cardiologj' of the Middlesex University, Waltham Ma.ss 
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OBSERVATIONS IN THE FIRST CASE 

Even a casual glance at the record of this patient (Pig., 1) shows that 
the QES wave is followed by the first sound after a time which is quite 
different in the different systoles. Because the slow, initial vibrations 
of the first sound were confused with the vibrations caused by the 
diastolic murmur when diastole was short, it was possible only to 
measure the distance between apex of the Q wave and beginning of 
the ample, quick vibrations of the first sound. This distance varied 
from 0.03 to 0.07, and was sometimes more than twice that of the other 
systoles (see Table I). By measuring the distance between the first, 


Table I 

(The First Part Eefers to Pig. 1, the Eest to Another Eecord, Not 
Eeproduced; Both Are Froai Case 1.) 


DISTANCE IN SECONDS 
BETWEEN THE PRECED- 
ING R WAVE AND THE R 

waah: studied 
(systole & diastole) 

DISTANCE IN SECONDS 

BETWEEN THE APEX OF 
THE R WAVE AND THE 
FIRST QUICK VIBRATION 

OF THE FIRST SOUND 

(delav) 

DISTANCE IN SECONDS 
BETWEEN THE FIRST 
QUICK VIBRATION OF THE 
FIRST SOUND AND THE 
FIRST QUICK VIBRATION 
OF THE SECOND SOUND 
(SYSTOLE) 

1. 

— ... 

0.030 

0.310 

2. 

0.75 

0.030 

0.320 

3. 

0.47 

0.070 

0.220 

4. 

0.48 

0.070 

0.220 

5. 

.... 

0.030 

0.280 

6. 

0.68 

0.040 

0.300 

7. 

0.76 

0.020 

0,300 

8, 

0.74 

0.035 

0.320 

9. 

0.44 

0.060 

0.235 


large, quick vibration of the first sound and the first, large, quick 
vibration of the second sound, i.e., the length of ventricular systole, it 
was found that this, too, changed from 0.31 to 0.22 sec. When diastole 
was long, the E wave was followed by a short interval before the first 
sound, and by a long systole. On the contrary, when diastole was short, 
the E wave was followed by a delayed first sound, and by a short systole. 
The shortening of systole was such that even by adding the longer delay 
it could not reach the length of the normal systole. 

OBSERVATIONS IN THE SECOND AND THIRD CASES 

In the second case, the first sound started with one or two slow vibra- 
tions which were quite distinct from those of the diastolic murmur, even 
when diastole was short. It was possible, therefore, to calculate a double 
figure, i.e., that from the apex of Q to the beginning of the slow vibra- 
tions, and that from the apex of Q to the beginning of the quick vibra- 
tions. The result is shovm in Pig. 2 and in Table II. When the 
diastole which preceded QES was long, the time between the electric 
and acoustic Avaves Avas short. On the contrary, when diastole AA^'as 
short, the delay became longer. This Tact AAms less eAudent than in Case 1, 




■Second patient, aged 38. Upper curve; Heart sounds, with special microphone at the apex. 
Lower curve Lead I of the EIvG. Indications as in Fig. 1. 
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but was still present, as well for the slow as for the quick vibrations. 
The length of systole was also markedly shorter when the preceding 
diastole was shorter. 

In the third case, the time between the Q wave and the first sound 
was practically the same in all systoles, and even the length of the 
systoles showed only slight changes in spite of the arrhythmia (Fig. 3, 
Table II). 

Table II 

(The First Part Cokcerns Case 2, as Shown in Fig 2; the Second Part 
Concerns Case 3, as Shown in Fig. 3.) 


DISTANCE IN SECONDS 
between THE PRECED- 
ING R WAVE AND THE R 
WAVE STUDIED 
(SYSTOLE & DIASTOLE") 


DISTANCE IN SECONDS BETWEEN 
the first vibration OP THE 
FIRST SOUND AND THE APEX 
OP THE Q WAVE 
(DELAY^) 


DISTANCE IN SECONDS 
BETWEEN THE FIRST 
QUICK VIBRATION OP 
THE FIRST SOUND AND 
THE FIRST QUICK 
VIBRATION OP THE 
SECOND SOUND 
(systole) 


SLOW 1 

vibrat. 

QUICK 

VIBRAT. 

1. 



-0.02 

+0.035 

0.31 

2. 

0.82 

-0.02 

+0.035 

0.31 

3. 

0.80 

-0.02 1 

+0.035 

0.31 

4. 

0.47 

0.00 

^.050 

0.U 

1, 



0.060 

0.28 

2. 

0.96 


0.060 

0.28 

3. 

0.60 


0.070 

0.27 

4. 

0.62 


0.060 

0.28 

0 . 

0.61 


0.065 

0.26 


These facts made it possible to check up on the occurrence of an in- 
tei’esting feature of the pulse. It is known that in cases of auricular 
fibrillation the pulse is typically irregular, and that the waves travel 
with different speeds. When the delay between QRS and the peripheral 
pulse was measured, it was found to be longer for the smaller waves than 
for the others. My observation of a difference in the delay between QRS 
and first sound suggests that the delay between QRS and pulse was the 
result of a real delay in the mechanical part of systole, and not of 
a slower speed of the wave. Fig. 4 shows that the second wave, which 
was much smaller, had a longer delay after the first sound than the 
other waves. Therefore, tlie slower speed of the smaller waves was real, 
and not an artifact. 

DISCUSSION 

The observation that there Avas a difference in the delay betAveen QRS 
and the first sound in the different systoles of a patient AAuth auricular 
fibrillation led to an inA^estigation of tAvo other patients of a similar 
age, AAuth the same functional disability and the same heart lesion. The 
A^ariability of the delay occurred in a lesser degree in the second case, and 
not at all in tlie third. One explanation is that, Avhen diastole is shorter, 
the fii'st somid has a different type of vibrations because the isometric 
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■Third patient. Upper curve: Heart sounds at the aortic area. Lower curve: Brachial pulse. First sound-brachial 

pvxlse delay is marked. 
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contraction of the ventricles is longer. It could be supposed that the 
first, slow vibrations would he more prolonged, and that only the quick, 
high vibrations would he delaj’-ed. A . study of this was not possible in 
the first case, but in the second ease, in which there was also some change 
in the delajq a complete study was made, and showed a similar delay 
in the slow vibrations. The suggestion was at best only hypothetical, 
because the quick vibrations are alreadj’- occurring during the isometric 
contraction of the ventricles (Orias and Braun Menendez').* We shall 
admit, then, that, in some cases of auricular fibrillation, when diastole is 
very short, the contraction of the ventricles is slight^ delaj'^ed. This 
differing relationship between the electric and acoustic waves seems to 
point to the possibility of a dissociation between excitation and contrac- 
tion of the ventricles. When this occurs it has a useful effect, for it 
allows longer filling of the ventricles Avhen diastole is very short. 

We also studied the length of ventricular systole, as shoAvn by the 
distance between the first and second sounds. It Avas observed that, 
in Cases 1 and 2, sj'-stole AA’^as short AA^en the preceding diastole Avas 
shorter. This Avell-knoAvn difference, AA^hich seems quite logical, is, hoAv- 
ever, not constant, as it was not present in Case 3. It can be suggested 
that, in some eases, part of the diastole is not accompanied by real filling 
of the ventricles, as most of it occurs during the earlj’- phase of quick 
filling. Differences in the length of diastole could then be accompanied 
by a nearly constant filling of the ventricles, and by a nearly constant 
length of the systoles, t 

The speed of transmission of the pulse AA'aves Avas studied only in the 
third case, for in this case there Avere no great differences in the delay 
between excitation and contraction of the ventricles. Moreover, inas- 
much as the speed of the smaller pulse Avaves AAms sloAver, it is clear that 
that fact could not be attributed to the phenomenon Avhich is neAvly 
described here. 

SUMMARY 

A ease of auricular fibrillation in Avhich the interval betAA^een QRS 
and the first heart sound AA^as much longer after a short diastole is de- 
scribed. 

Tavo more eases Avere studied, in one of Avhich the same phenomenon 
occurred. The length of systole changed in proportion to that of the 
preceding diastole in the tAA^o cases in AAdiich the interval hetAveen the 
electric and acoustic phenomena AA'^as Amriable. 

Measurement of the pulse AAmve speed by means of the heart sounds 
does not change the InioAvn fact that smaller Avaves have a sloAA'^er speed 
in cases of auricular fibrillation. 

•Moreover, in some systoles the slow vibrations started before the Q wave. It is, 
therefore, probable that they were caused by some presystolic vibration of the mitral 
valve, unless an isoelectric phase of QRS was present. 

tThe observation that the length of the interval between the first and second 
sound changes often in auricular fibrillation was first made by Battaerd.® In his 
tracings the interval varied between 0.28 and 0.34 sec. 
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PURTHEE OBSERVATIONS ON THE EFFECTS OP CERTAIN 
XANTHINE COMPOUNDS IN CASES OP CORONARY 
INSUFFICIENCY, AS INDICATED BY THE RE- 
SPONSE TO INDUCED ANOXEMIA 

Norman E. Williams, M.D., Henry A. Carr, M.D,, 

Hoiyard G. Bruenn, M.D., and Robert L. Levy, M.D. 

New York, N. Y. 

I N A PREVIOUS paper^ a method was presented for studying the 
effect of various drugs on the coronary circulation in man. The 
patients breathed a mixture of TO per cent oxygen and 90 per cent 
nitrogen for twenty minutes, or until the complaint of discomfort made 
it desirable to terminate the induced anoxemia. The time of appearance 
of pain and the sum of the deviations of the RS-T segments of the 
four-lead electrocardiogi’am wei’e compared in controls and after medi- 
cation was given. The report was based on observations made in ten 
cases of coronary insufficiency. 

One of the drugs studied was theophylline with ethylenediamine 
(aminophyllin). It was found that after its administration, either by 
vein or oralN, the time of appearance of pain during induced anoxemia 
was materiall}^ prolonged, and RS-T deviation was diminished. The T 
waves of the electrocardiogram were also modified, but these changes 
were not subject to accurate quantitative comparative measurement and 
therefore were disregarded. It ivas concluded that aminophyllin, when 
taken by mouth in adequate doses, exerts a beneficial action in certain 
eases of cardiac pain by causing dilatation of the coronary vessels. The 
result, it was stated, probably depends, in part, upon the anatomic and 
physiologic state of the coronaiy circulation. These vary in different 
patients, and in the same person from time to time. 

The literature dealing with the therapeutic action of the xanthines 
in cases of disease of the coronary arteries, and on coronary blood flow 
in experiments on animals, was reviewed. Three relevant papers have 
since been published. Essex and his collaborators,^ using the thermo- 
stromuhr, found that, after intravenous injection of aminophyllin in 
trained, unanesthetized dogs, the coronary flow was increased from 15 
to 173 per cent. The degree of increase was not proportional to the 
size of the dose, which ranged from 11.5 to 32 mg. per kg. The duration 
of the effect was from two to twenty-four minutes after injection. Using 
a flow meter. Green, ^ confirming the work of a number of others, observed 
that the intravenous injection of 20 to 50 mg. of aminophyllin in dogs 
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produced an increase in coronaiy flow wliicli was due to coronary dilata- 
tion. In his opinion, the xanthines, like the nitrites, act as coronary 
dilators, but their effectiveness maj' be diminished b.y their concomitant 
augmentation of cardiac work. Stewart and Jaclr* injected amino- 
phyllin intravenously in man, in doses of 0.48 Gm. The peripheral 
blood flow was increased for a few minutes. Tliere was also an increase 
in cardiac output, of a degree sufficient to provide for the increase in 
peripheral flow, without redistribution of the circulating blood volume. 

In view of the relatively small number of eases included in our 
previous study, and because it seemed desirable to make comparable 
observations on the action of other xanthine derivatives, the present 
work was undertaken. In addition to aminophyllin, which was given 
by mouth and by vein, the following drugs were included ; Theophylline 
with sodium acetate, by mouth and by vein, and theobromine with sodium 
acetate, by mouth. As before, lactose, taken orally, and physiologic salt 
solution, given intravenouslj^, served as controls. 

PROCEDURE 

The tests were conducted as described in our earlier paper.i Tliey were per- 
formed in the cardiologic laboratory, at least one hour after the last meal, with the 
room quiet and at a comfortable temperature. Before beginning, the patient rested 
on the bed for not less than twenty minutes. The tests were done, as nearly as 
possible, at weekly intervals. At least one control anoxemia tests, r, ^vas done in every 
ease before the drug study was begun. In five cases, such a test was given on com- 
pletion of the drug series, and after all medication had been omitted for a week. No 
change was made in the customary^ mode of life of the patients, and they were per- 
mitted to continue tlie use of nitroglycerin for the relief of anginal attacks; but 
nitroglycerin was not taken for at least one liour preceding a test. 

The patients were unaware of the nature of the preparations given. At the end 
of each week, during which a remedy was taken orally, the patient expressed his 
opinion as to its effect upon his attacks of pain, and reported any unpleasant symp- 
toms. He was asked also whether there was, any modification in his response to ef- 
fort, how many nitroglycerin tablets were used, and wdietber any emotional or 
economic upsets bad occurred which might have a bearing upon his condition. All 
of Ms answers were noted and charted. 


DRUGS AND DOSAGE 

Theophylline Wiih Ethylenediamine (Aminophyllin ). — For oral use, this was put 
into capsules in the hospital pharmacy, each containing 0.18 Gm. (3 gr,),* One 
capsule was taken three times daily after meals for one week. In the previous study, 
the same amount was given four times a day. Tlie dose for intravenous injection was 
0.48 Gm. (7% gr.) in 20 c.c. of normal salt solution, t The injection was made into 
a cubital vein during a five-minute period. An electrocardiogram was taken five min- 
utes before tlie injection and another five minutes after its completion. The anox- 
emia test was then started. 


‘Made by Lederle Laboratories, Inc. 
cent of theophylline. 


This is said to contain not less than 70 per 


tMade by Byk-Guldenwerke, Berlin 
part of a pre-war supply on band, 
package. 


.Germany, and called Metaphyllin. This was 
The theophylline content is not stkted on ^he 
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No drugs, except nitroglycerin as needed, were taken during the week preceding 
tlie intravenous injections. Tliis rule obtained not only for aminophyllin, but for all 
substances given by vein. 

Theophylline With Sodnm Acetate.* — Enteric-coated tablets were given orally 
three times a day after meals for one week. . Each tablet contained 0.18 Gm. (3 gr.). 
During one week, the individual dose was one tablet; during a second week it was 
two tablets (0.36 Gm.). Intravenously, 0.48 Gm. in twenty c.c. of sterile salt solu- 
tion was injected, using the same technique as described for aminophyllin. 

Theohromine With Sodium Acetate.] — Enteric-coated tablets were given orally. 
During one week, one tablet of 0.45 Gm. (7% gr.) was given four times dailj^, after 
meals and at bedtime. During a second week, two tablets (0.9 Gm.) were given 
three times daily after meals. 

Lactose. — This was emplojmd as a control for the drugs given by mouth. It was 
prepared in capsules of 0.2 Gm. each, resembling in appearance those containing 
aminophyllin. The patients received one capsule three times a day for a week, 
in each course. 

Physiologic Salt Solution. — This served as a control for the drugs injected intra- 
venously. In each ease, 20 c.c. were given by vein, according to the technique de- 
scribed for aminophyllin. 

MATERIAL (TABLE l) 

Observations were made on ten patients, three of whom were used as subjects 
in our previous drug study. In all, the diagnosis was coronary sclerosis with anginal 
pain. All of them were regarded as having moderately advanced disease, as indicated 


Table I 

Clinical Material 

Ten Patients With Coronary Sclerosis and Anginal Pain 


CASE 

NO. 

HOSPITAL 
UNIT NO. 

AGE 

(YR.) 

SEN 

COLOR 

ADDITIONAL 

DIAGNOSIS 

CONTROL 

EKG. 

CARDIAC 

ENLARGE- 

MENT 

1 

589726 

66 

M. 

Wh. 

Hjqiertension 

Normal 

+ 

2 

295520 

59 

F. 

Col. 

Normal 

+ 

3 

360149 

65 

M. 

Wh. 

Healed myocardial 
infarct 

Abnormal 

+ 

4 

376063 

70 

M. 

Wh. 


Abnormal 

0 

5 

216669 

55 

F. 

Wh. 


Normal 

0 

6 

591058 

57 

F. 

Wh. 

Hypertension 

Normal 

0 

7 

367410 

47 

M. 

Wh. 


Normal 

0 

8 

477070 

65 

M. 

Wh. 


Normal 

0 

9 

285886 

42 

M. 

Wh. 

Healed myocardial 
infarct 

Normal 


10 

357651 

46 

F. 

Col. 


Normal 

0 


by the severity and frequency of attacks, as well as by physical and electro- 
cardiographic examination. None of the patients suffered from congestive heart 
failure; and none was tested who had had an attack of coronary occlusion within four 


*Tlie tablets and the solution for intravenous injection were supplied by the Upjohn 
Company, through the kindness of Dr. A. Garrard Macleod. The theophylline content 
was said to be always 60 per cent of the labelled dose. Roentgen studies in man have 
shown that 91 per cent of 144 tablets passed through the stomach intact, and, of 
these, 91 per cent disintegrated in the small intestine. Only five entered the colon in- 
tact, and not one was recovered from the feces (Pharmaceutical Bulletin No. 113, pre- 
pared by the Upjohn Company). The composition of the enteric coating is not given. 

tThese tablets were supplied by Brewer and Company, Inc. The enteric coating, 
it is stated, is made of whale wax. Roentgen studies on man have shown that 97 
per cent of the tablets disintegrate promptly in the first portion of the small in- 
testine (personal communication from the Brewer Company). These tablets are said 
to contain not less than 63 per cent of theobromine. 
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months. They took no drugs, other than, tho.‘;e prescribed for the study, during 
the period of tiiese observations. Tlie}' Avere chosen because the}' Avei’e Avell known 
to us, IiHA'ing been under observation in the outpatient department or in the hospital 
wards, or both, over a period of months or years. They Avere of aA'erage intelligence 
and were cooperative. 

In age, they ranged from 42 to 70 years. Six AA'ere AA'liite men. Of four women, 
tAvo were AA’liite and two colored. Tavo had healed myocardial infarcts; coronary oc- 
clusion had occurred at least a year before these tests were carried out. One man 
and one Avhite woman had hypertension. During the latter part of the study, the 
AA'oman, while at home, suffered from an attack of acute coronary occlusion, so 
that administration of several of the drugs had to be omitted in her case. Tavo men 
and one colored woman had enlarged hearts. All had had spontaneous attacks 
of anginal pain for at least six months; in each ease, the oral use of nitroglycerin 
afforded a measure of relief. In eight, the control electrocardiogram Avas normal; 




Ataco- T.ltt WJ. I.'l 


SUM OF RS-T OEVIATIOhS IM 4 LEADS (MM.) AT TIME CORRESPOMDIMC TO APPEARANCE 
OF PAIN IM CONTROL. AVERAGES IN 10 PATIENTS 





CZ2 > IHPBQVCD 
CTD • UHlMPROVtO 
M . WOflSe 


PATIENT’S REPORT 


effect of drugs on the time of appearance of cardiac nain 
caused by induced anoxemia. JJ Modifying effect of drugs on deviation of the t?'. t 
segments caused by induced anoiemia. C, Modifying effect of d?uLs oramr «dnUn,'= 
tered, upon symptoms. Each drug Avas given for a period of one "leek. •' 


in tAYO it was^ abnormal. All shoAved positiA-e control anoxemia tests.=. o Eight of 
tie ten experienced pain in less than tiventy minutes during the control tests; two 
Avere able to breathe a 10 per cent oxygen mixture for the full period without dis- 
comfort, although significant changes occurred in the form of the electrocardiograms. 
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o 
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1 

HASTENED 

CO 

CO 

CO 

(M 


o 

DELAYED 

CiO 

r^ 

lO 


(M 


INDIVIDUAL 

DOSE 

(GM.) 

0.20 

0.18 

0.36 

0.45 

O 

o 

o 

CO 

o 

DRUG 

Aminopliyllin 

Theophylline with sotlium 
acetate 

Tlieophylline with sodium 
acetate 

Theobromine with sodium 
acetate 

Theobromine with sodium 
acetate 

Lactose 



^YILLTA]\IS ET AL. : CORONARY INSUFFICIENCY 


257 


The results are based upon 105 tests and measurements of 775 four-lead electro- 
cardiograms. '■ 

RESULTS (fig. 1) 


Because the functional state of the coronary circulation in a given 
person is subject to spontaneous variation, the results in the ten cases 
were pooled, averaged, and charted. In tliis way trends became ap- 
parent. The effects in the individual eases are also given in the text and 
in Table II. 

Theophylline With Ethylenediamine (Aminopliyllin), hy llouth . — 
Seven patients received this drug. In this group there was no significant 
delay in the onset of pain (8 per cent). The deviation of tlie RS-T 
segments was diminished by 36 per cent. In the individual cases, the 
onset of pain was delayed in three; it occurred earlier than in the con- 
trol in three; and in one no change was noted. RS-T deviation was 
decreased in six cases and increased in one. In three instances the 
patient reported a lessening of symptoms during the week ; in one there 
was no change; and in three the discomfort increased. 

Theophylline With Ethylenediamine, hy Vein. — This was given to 
five patients. In this group the onset of pain was delayed by 75 per cent. 
RS-T deviation was diminislied by 49 per cent. In the individual cases, 
the onset of pain was delayed in three and occurred earlier than in the 
control in one. In the fifth case, the patient experienced no pain during 
the control test, or after receiving the drug. RS-T deviation was 
diminished in all five cases. 

Theophylline With Sodinni Acetate, hy Mouth. aI. Dose — 0.18 Gm., 
Forir Times a Day. — This was given to ten patients. In the group, 
there was no significant delay in the onset of pain (2 per cent). RS-T 
deviation was increased liy 12 per cent. In the individual cases, the onset 
of pain was delayed in one; in three, pain occurred earlier than in 
the control ; in six, there was no change. RS-T deviation was increased 
in five, decreased in 4, and unchanged in one. In three instances the 
patient reported lessening of symptoms; in five there was no change; 
and in two the discomfort increased. 

B. Dose — 0.36 Gm., Three Times a Day. — This was given to ten 
patients. In this group the onset of pain was delayed by 16 per cent. 
RS-T deviation was decreased by 29 per cent. In the individual cases, 
the onset of pain ivas delayed in five and occurred earlier than in the 
control in three, and in two there was no change. RS-T deviation was 
decreased in nine cases; no change was observed in one. In four in- 
stances the patient reported a lessening of symptoms; in five there was 
no change; and in one the discomfort increased. 


“All four leads of the electrocardiogram were taken while pain was present if it 
occurred. The complete record can be made in from one to two minutes, and pi-olbnea- 
tion of anoxemia for this length of time was found to be without hazard. 

The precordial lead used was the one designated as IV P by the American Heart 
obse^ers°"' electrocardiograms were read independently by at least two 
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Theophylline With Sodium Acetate, hy Vein. — This was given to nine 
patients. In this group the onset of pain was delayed by 59 per cent. 
RS-T deviation was decreased by 47 per cent. In the individual cases, 
the onset of pain was dela 3 'ed in seven ; tlie other two patients were able 
to breathe the 10 per cent oxygen mixture for the full twenty minutes 
without discomfort. RS-T deviation Avas diminished in all of the nine 
cases. 

Theobromine With Sodium Acetate, hy Mouth. A. Dose — 0.45 Gm., 
Four Times a Day. — This Avas given to ten patients. In this group the 
onset of pain Avas delayed b^^ 14 per cent. RS-T deviation Avas decreased 
by 33 per cent. In the individual eases, the onset of pain AA^as delaj^ed 
in four; in tAvo pain occurred earlier than in the control; and in four 
there AA^as no change. RS-T dcAuation Avas decreased in eight and in- 
creased in tAA^o. In five instances, the patient reported improvemeni ; in 
five there AA^as no change ; and in none AA’^as the discomfort increased. 

B. Dose — 0.9 Gm., Three Times a Day. — This AA^as given to eight 
patients. In this group the onset of pain Avas delayed bj^ 14 per cent. 
RS-T deviation Avas decreased by 19 per cent. In tlie indiAudual eases, 
the onset of pain Avas dela.A^ed in tAA'o; it occurred earlier than in the 
control in four ; and in tAvo there AA'as no change. RS-T deviation AA^as 
decreased in six eases and increased in tAA^o. In only one instance did the 
patient report improvement; in five there Avas no change; and in tAA^o 
the discomfort increased. 

Lactose, by Mouth. — This AA'as giA^en to ten patients on nineteen occa- 
sions. In the entire series of tests, tlie onset of pain AA^as dela.yed by 13 
per cent. RS-T deviation AA^as decreased b}’’ 14 per cent. In the in- 
dividual cases, the onset of pain AA^as delaA’ed in four tests on four 
patients. RS-T deviation Avas decreased in tAvelve tests on scA'^en patients. 
In seven instances the patients reported improvement; in scA'^en there 
Avas no change ; and in fii^e the discomfort increased. 

Physiologic Salt Solution, by Vein. — This Avas given to ten patients. 
In this group the onset of pain AA^as dela.A^ed b.A" 10 per cent. RS-T devia- 
tion Avas decreased bj^ 17 per cent. In the indiAudual cases, the onset of 
pain Avas delayed in tAVO; in three, pain occurred earlier than in the 
control ; and, in five, there Avas no change. RS-T deviation Avas decreased 
in seven; in three there Avas no change. 

UNPLEASANT DRUG EFFECTS 

The unpleasant sjunptoins ascribed b3’- the patients to the various 
drugs, AAlien they Avere taken oralty, are shoAAm in Table III. Insomnia, 
nausea, and abdominal discomfort Avere the most frequent complaints. 
In a dosage of 0.36 Gm. four times a da3", theopltylline Avith sodium 
acetate, in all but one ease, caused so much insomnia and gastrointestinal 
distress that the eA’ening dose AA^as discontinued. For the same reason, 
the larger dose of theobromine Avith sodium acetate (0.9 Gm.) AA^as re- 
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Table III 


Unpleasant Effects of Drugs Taken by Mouth 


DRUG 

NUMBER 

OF 

PATIENTS 

dosage 

UNPLEAS.ANT EFFECTS 

number 

OF 

PATIENTS 

com- 

plaining 

SYMPTOMS 

Aminophyllin 

7 

0.20 Gm. t.i.d. 

•3 

1 anore.\ia 

1 nausea 

1 swelling and aching of 
face; aching of teeth 
and gums; nausea and 
vomiting 

Theophylline 
with sodium 
acetate 

10 

O.IS Gm. 4i.d. 

4 - ' 

1 

2 anorexia 

1 nausea; gas 

1 insomnia ; heartburn 

Theophylline 
with sodium 
acetate 

10 1 

0..3G Gm. t.i.d. j 

5 

2 insomnia ; abdominal 
pain; gas 

1 insomnia ; abdominal 
pain; gas; vomiting 

1 nausea; vomiting 

1 swelling and aching of 
face; aching of teeth 
and gums; nausea and 
vomiting 

Theobromine 
with sodium 
acetate 

10 

0.45 Gm. 4 i.d. 

4 

1 anorexia 

1 nausea 

1 flatulence ; belching 

1 palpitation 

Theobromine 
with sodium 
acetate 

8 

0.90 Gm. t.i.d. 

6 

2 insomnia ; abdominal 
discomfort 

2 vomiting 

1 insomnia 

1 nausea; flatulence 

Lactose 

10 

(19 test.s) 

0.20 Gm. t.i.d. 

3 

1 nausea ; vertigo 

2 abdominal pain 


duced from four to three times daily. In one case (Case 6), both 
aminophjdlin and theophylline with sodium acetate caused swelling and 
aching of the face, aching of the teeth and gums, and nausea and vomit- 
ing. The patient was not affected by theobromine sodium acetate. Ap- 
parently, in this instance, there was a true idiosyncrasy to theophylline. 
This is a rare occurrence. Because of tlie severe toxic reaction, she was 
not given either of the theophylline preparations by vein. 

On a number of occasions, after the intravenous injection of amino- 
phyllin or theophylline with sodium acetate, the patients complained 
of a sense of warmth. No untoward reactions were encountered. 

DISCUSSION 

It is of some practical importance to know whether therapeutic doses 
of the xanthine compounds dilate the coronary vessels in man, and so 
may be expected to afford relief to patients with anginal pain. That rela- 
tively large amounts, when injected intravenously into normal animals. 
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will cause an increase in coronary flow has been abundantly demon- 
strated. The evidence for a similar and more sustained effect in patients 
with coronary sclerosis who ha^m taken various members of this group 
by mouth has been conflicting. 

In our earlier study/ using the same objective method employed in 
the observations just described, it Avas demonstrated that aminophyllin 
exerted such an action. It is significant that, Avith this drug, the results 
Avith respect to the degree of ES-T deviation in 1939 and 1940 shoAv 
such close agreement (Table IV). When given by Amin, the decrease 
in RS-T deviation Avas 58 and 49 per cent ; the delay in the onset of pain 
in the 2 series Avas, respeetivel.y, 63 and 75 per cent. When given by 
mouth, the decrease in RS-T deAuation Avas 32 and 36 per cent; the delay 
in the onset of pain Avas, imspectively, 26 and 8 per cent. The effect on 
pain Avas less in the 1940 series of patients, aaOio suffered, as a group, 
from a more adA’anced state of disease. They received only three doses 
a da.y, as compared to four doses in the 1939 series. But, objecthmly, 
the degree of coronary dilatation produced, as indicated by decrease in 
RS-T dcAuation, Avas similar in the tAA’o groups. 

Lactose, Avhen giAmn by mouth, caused a delay in the onset of pain, 
in the tAvo series of cases, of 2 and 13 per cent respectivelj" ; the decrease 
in RS-T deAuation Avas 13 and 14 per cent. This degree of Amriation 
in RS-T deviation, as previously pointed out,^ must be regarded as the 
approximate error of the method. 

Because of the similarity of these tAvo sets of observations, Ave feel 
justified in stressing the significance of the effects of theophylline Avith 
sodium acetate and theobromine AAuth sodium acetate Avhich AAmre noted 
under comparable circumstances. The delay in the onset of pain, as 
AAms the ease in the 1940 group Avith aminophyllin, Avas not striking, but 

Table IA'^ 


Comparison op Action op Ajiinophyllin and Lactose in Studies op 1939 and 1940 


DRUG 

date 

NUMBER 

OP 

TESTS 

DELAY IN ONSET OP 

PAIN 

(percentage change) 

decrease in RS-T 

DEVIATION IN EKG. 

(percentage change) 

Aminophyllin 

1939 


63 

58 

(by %'ein) 


5 

75 

49 

Aminophyllin 

1939 

14 

26 

32 

(by mouth) 

1940 

7 

' 8 

36 

Lactose 

1939 

10 

' 2 

13 

(by mouth) 

1940 

IS 

' 13 

14 


the decrease in RS-T deviation produced by theophylline Avith sodium 
acetate, in individual doses of 0.36 Gm., and by theobromine Aidth sodium 
acetate, in doses of 0.45 Gm., aa^s comparable to that obtained Avith 
aminophyllin, namely, 29 and 33 per cent, respectively. Apparently, 
theophylline Avith sodium acetate in the smaller dose of 0.18 Gm. Avas 
ineffectual. The larger dose of theobromine AAdth sodium acetate, 0.9 
Gm., caused toxic effects in so many of the cases that the beneficial action, 
if any, Avas masked. 
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In genera], patients witli less severe and less frequent attacks of pain 
showed a better therapeutic response than those in the more advanced 
stages of illness. This was well exemplified in the same patient at 
different times (Fig. 2) . This man had suffered from attacks of anginal 
pain for ten months before the first drug studj' was made, in 1938. At 
that time, walking slowly for a distance of one to four blocks induced 
characteristic discomfort which was relieved by nitroglycerin. On two 


A CONTROLS 



5r 


♦ 


6 

1938 


6 . 27-38 



1 2 3 4 5 6 7 e 9 to It 12 13 14 IS 16 17 18 19 


PUtUtTlON OF AHOXEMIA (M(NUTES) 


SLtOHT PAin'e-IJ-JS 
HO PAtH S-3» J8 


AMIHOPMYUIH a200m.4lD. 
AMIHOPHYUIH 0.4Bom. l.V. 
LACTOSE a20 Cm.+LD. 


.ii, HO PAtH 
20 


c 

1939 • 3-14-39 


b- 


•/ PAllt 3-7-39 


/ 


,/ 




J u-t — I t— t » 


1 2 3 4 5 6 7 6 9 »0 H 12 13 14 ts 16 17 18 19 
DURATION OF ANOXEMIA (MINUTES) 


o NO PAIN 1-31-39 


HO PAIN 2.M-39 


AMINOPMVLLIH a20ciTu4l.O. 
NtTROCLYCERINE 0.0006 C,m. 
AMlNOPhYLLlN a4QGm.W. 
LACTOSE. a20 cm. 4-t.O. 


20 


response of a 54-year-old Japanese chef to induced 
six monuU effects of drugs, during two studies made 

anoxenda tL' anginal pain for ten months. A, Control 

jSne i e/Iect of lactose and aminophyllin during May and 

iJoa. o, ine niodifj’-ing; effect of lactose, nitroglycerin, and aitiinoDhvllin dur- 
shown"irf 1939. (The rectangle outlined by the broken lines, 

"If .id'„T“r«r ’.aTsiei'i i?,f.rs2 
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occasions, after taking aminophyllin for a week, tJie ES-T deviation was 
diminished, respectively, by 24 and 36 per cent. During these two 
weeks, the need for nitrogljmerin decreased from four to ten tablets 
daily, to one or two a week. In January and February, 1939, his toler- 

A CONTROLS 
1938- 1939 - 1940 



DURMIOH OF ^HOXeMr^ (MINUTES) 




- B 
■ 1938 

6-3*3e 



^ 5-24-30 


*4^ * •-•-•••.AMINOPHYLLIM 

020 om. 4 14). 
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1 

0.48 om. uv. 

t*’ 1 I 1 f 

. > 1 ■ — . _i ♦ _ . _i_ t_ » 1 ) 



1 2 3 4 $ 6 7 6 9 10 |] 12 13 14 IS 16 17 18 19 20 
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£ « 


C 

1939 


.AMINOPHYLLIN 0.20&m. 4 l.D. 
"AMINOPHYLLIN 0.46001. 1.V. 






3 4 5 t 7 e 9 10 11 12 13 14 IS 16 17 10 19 20 

puratioh of anoxemia (minutes) 


^ 10 
E 9 
^ 6 


D 

1940 



— — - aminophyllin 0.20 om. T.I.D. 
AMINOPHYLLIN 0.48 Cm. I.V. 



3 4 s 6 7 e 9 10 II 12 13 14 IS 16 17 IB 19 20 
OURATION OF ANOXEMIA (MINUTES) 


Fig. 3 . — Case 4, (Unit No. 376063) The response of a 70-year-old, white, stationary 
engineer to induced anoxemia, with and without the modifying effect of drugs given 
in the course of three studies conducted over a period of two years. He had had at- 
tacks of anginal pain for eight years. A, Series of control tests performed in the 
period from January, 1938, to February, 1940. B, Modifying effect of aminophyllin 
in 1938. C, Modifying effect of aminophyllin in 1939. Modifj’ing effect of amino- 
pli.vllin in 1940. 


ance for the 10 per cent oxygen mixture was less than it had been six 
months previously, and the modifying effects of aminophj'^Uin were cor- 
respondingly diminished. In fact, at this time aminophyllin was wholly 
ineffectual by month, although it still exerted its action when injected 
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intravenousljL He was aware of the change in his condition and com- 
plained that medication did not afford relief as it had the preceding 
summer. 

In contrast to this decrease in effectiveness, coincident with ag- 
gravation of symptoms, are the recoi’ds of the patient which are shown 
in Fig. 3. His response to anoxemia was studied in 1938, 1939, 



I 2 3 ‘V S «. 7 B 3 10 II 12 13 )<■ 15 
BURATIOH OF ANOXEMIA (MINUTES) 



I 2 3 4 5 fc 7 8 9 10 II 12 13 1* IS 
DURATION OF ANOXEMIA (MINUTES) 

(Unit No. 285886) The response of a ‘12-year-oia, -white, taxicab 
induced anoxemia, with and -without the modifying: effect of drugs. He had 

nine j’ears. Mj-ocardial infarction occurred in 
Nj^jnber, 1938. A, (Control tests. B and O, Response to anoxemia, as modified by 


and 1940. The effects of aminophyllin hy mouth and -by vein are 
charted. The rectangles marked off by the broken lines in B, C, and D 
show an increase in tolerance to the 10 per cent oxygen mixture during 
the period from 1938 to 1940. This is apparent from the progressive 
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decrease in RS-T deviation. Aminopliyllin, when given intravenously, 
became gradually more effective; given by month, the same trend was 
apparent, but to a lesser degree. The patient’s sjnnptoms, as shown by 
his reaction to ordinarj^ physical activity, showed no noteworthy change 
in the course of these two years ; the responses to effort and to the action 
of the drug were not parallel. In Pig. 3C, it appears that when amino- 



I 2 3 4 5 6 7 a 9 10 II 12 13 U IS 
DURATION OF ANOXEMIA (MINUTES) 
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Fig'. 5. — Case 7, (Unit No. 367410) The response of a 47-year-oia, white, male cornet 
player to induced anoxemia, with and without the modifying effect of drugs. He had 
had attacks of anginal pain for six years. A, Control tests. B and C, Response to 
anoxemia, as modihed by drugs. 


phyllin was taken bj^ mouth it ivas more effective than when injected 
intravenousljL This unusual response was observed in two other cases. 
Its explanation is not clear. 

None of the ten patients reacted favorabty to all of the drugs; and 
none of the drugs, in anj^ of the dosages employed, ivas effective in all 
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of the cases. The variation in the individual human reaction to various 
medicinal remedies is ivell known; it makes impossible the prediction 
of Avhat the therapeutic result will be in any given instance. The char- 
acter and extent of the lesions in the coronary arteries undoubtedly de- 
termine, in a measure, the effectiveness of treatment. 

In Pigs. 4 and 5 are charted the response in Cases 7 and 9 to each 
of the drugs studied. In Case 7, none of the drugs was effective by 
mouth, but aminophyllin, by vein, modified the response to anoxemia. 
Of the drugs taken orally by Patient 9, only aminophyllin exerted any 
demonstrable action. 

Prom the point of vieiv of ability to induce coronary dilatation, as 
shown by decrease in RS-T deviation, aminophyllin in individual doses 
of 0.20 Gm., theophylline with sodium acetate in doses of 0.36 Gm., and 
theobromine with sodium acetate in doses of 0.45 Gm. were about equally 
effective when given by mouth. None of them, in this series of cases, 
materially modified the time of appearance of pain caused by induced 
anoxemia. The effect on the patients’ symptoms was variable and 
difficult to appraise accurately. 

SUMMARY AND CONCLUSIONS 

1. Aminophyllin, theophylline with sodium acetate, and theobromine 
with sodium acetate were administered to ten patients with coronary 
sclerosis and anginal pain. The two theophylline compounds were given 
both orally and by vein ; the theobromine derivative was given only by 
mouth. Lactose, given orally, and physiologic salt solution, injected 
intravenously, served as controls. 

2. The response to induced anoxemia, employing a technique previ- 
ously described, was used as an index of the action on the coronary 
circulation. The effects on the sum of the RS-T deviations in the 
four-lead electrocardiogram and on the time of appearance of pain were 
the criteria used; the former, because it was an objective index, was 
stressed as the more important. 

3. Aminophyllin, in doses of 0.20 Gm., three times a day, theophylline 
with sodium acetate, in doses of 0.36 Gm., four times a day, and theo- 
bromine with sodium acetate, in doses of 0.45 Gm., four times a day, 
were about equally effective, when given orally, in causing a decrease 
in RS-T deviation. None of them, in this series of cases, materially 
modified the time of appearance of pain caused by induced anoxemia. 
In a previous study, aminophyllin, in doses of 0.2 Gm., given orally 
four times a day, delayed the time of onset of pain ; the dose was larger 
and the symptoms and signs of coronary insufficiency in the former 
group of patients were not so marked. 

4. After intravenous injection, the decrease in RS-T deviation and 
the delay in the onset of pain were about the same for equal doses of 
aminophyllin and theophylline with sodium acetate. 
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5. In general, patients with less severe and less frequent .attacks of 
pain show a better therapeutic response than do those with more ad- 
vanced coronary insufficiency, biit a patient who responds favorably to 
one xanthine compound does not necessarily show a similar reaction to 
others ; and, in some cases, no effect is demonstrable. 

6. When given orally in proper dosage to certain patients with 
coronary sclerosis, compounds of theophylline and theobromine dilate 
the coronary arteries and bring about symptomatic improvement. The 
choice of suitable subjects and of the most effective preparation in the 
individual case must depend, for the present, on clinical trial. 
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CONSTRICTIVE PLEURITIS AND PERICARDITIS 

C. Sidney Burwell, M.D., and G. Darrell Ay'er, M.D. 

Boston, Mass. 

T he purpose of this paper is to place on record the case of a patient 
who exhibited an instructive and (so far as can be found) hitherto 
unreported complication of tuberculous pericarditis with constriction. 

report of case 

The patient, a o4-year-ol(i laborer of Lithuanian birth, began in January, 1938, 
to suffer from coryza and cough. A few weeks later he became conscious of 
shortness of breath on exertion, and soon after this had dyspnea at rest, orthopnea, 
and swelling of the ankles. On March 12, about two months after the onset of his 
symptoms, he entered the Peter Bent Brigham Hospital. 

At this time he had mild dyspnea when at rest. The heart rate was rapid, the 
rhythm regular, the pulse small. The heart was not enlarged and no murmurs 
were heard. The arterial blood pressure was 100/70 mm. Hg, and the venous blood 
pressure was 210 mm. of water. The cervical veins were visibly distended; the 
edge of the liver was felt 5 cm. below the costal margin; and there were signs of 
fluid in both pleural cavities and slight edema of the ankles. A friction rub was 
audible in the left axilla. At the fluoroscopic examination the excursion of the 
left border of the heart was considered to be less than normal, and there was no 
visible movement of the right border. An electrocardiogram showed low voltage, in- 
version of T„ and Tj, and a normal Lead IV. 

Marked improvement in comfort followed a few days of hospital care, during 
which time his chest was tapped and he received digitalis and mercurial diuretics. 
When he had lost about 16 pounds of fluid by various routes he could lie flat without 
dyspnea and his vital capacity was 3,100 c.c., but the peripheral venous pressure re- 
mained elevated. The basal cardiac output was measured by the acetylene method 
and found to be 2.2 liters per minute. The output per beat was 29 c.c. The total 
plasma protein was 6.5 to 7.2 (albumin 2.9 to 3.5). The temperature rarely rose 
above 99° F. and was usually within limits which were considered normal. The 
pleural fluid had a specific gravity of 1.010; there were 1,000 cells per c.mm., 98 per 
cent of which were small lymphocytes. 

The combination of congestion of the systemic circulation, essentially clear lungs, 
and a small, underactive heart suggested that he had constrictive pericarditis. The 
greatly diminished cardiac output, the persistence of the elevation in venous pressure, 
and the fluoroscopic observations were regarded as compatible with this diagnosis. 
It appeared to be a kind of pericardial disease which is most frequently seen as the 
result of tuberculosis; when a guinea pig which was inoculated with the patient’s 
pleural fluid died of tuberculosis, the etiology was considered to be established. 

After a period of observation in the ward, pericardiectomy was advised, but the 
patient decided against operation at that time and left the hospital April 23, 1938. 
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At home, for the ensuing ten weeks, lie was up and about. Tiie situation changed 
but little during this time; the degree of disability remained about the same the 
venous pressure remained high, and edema accumulated unless mercurial diuretics 
were administered. On one occasion during this period a pleural friction rub was 
heard on the rigJit side. 

Because of the lack of improvement, operation was again suggested, and, on July 
11, 1938, tlie patient entered the surgical service of the Peter Bent Brigham Hospital. 
The operation was performed by Dr. Elliot C. Cutler on July 13, 1938. He recorded 
the following description of the operation. 

''There was a minimum of evidence of inflammatory disease in the areolar tissue 
between the sternum and the pericai’dium. The pericardium itself was tough and 
thick, fully 3 mm. in thickness. It was opened, and a cleavage plane found between 
the pericardium and the epieardium. Gradual^ the heart was separated from 
adherent pericardium, using Joker scissors, the knife, and periosteal elevator. 
Then the whole anterior portion of pericardium was removed. When this had 
been done the muscle pulsated much more vigorously, but even then a dense epicardial 
scar seemed to hold back the muscle considerabty. I tackled this with sharp dis- 
section with a new knife, for by no other means could I lift this scar away from the 
muscle, and, even so as I dissected I was sometimes shaving off bits of muscle. 
It was a tedious job; and I did not feel I had removed all of the epicardial scar, 
but at least a considerable amount came away.” 

The tissue which was removed showed, microscopically, dense hyaline cicatricial 
tissue in wliich occasional proliferative tubercles were embedded. 

IVlien the venous pressure was measured a few hours after operation it was found 
to have been reduced to normal. It fluctuated a little for the following week, but 
after that was never above 105 mm. of water, and was usually less than 90 mm. 
of water. The venous distension was visibly reduced, as was the volume of the liver. 
These observations indicated that the obstruction to filling of the heart had been re- 
moved by the operation. 

Nevertheless, during the first week after operation he accumulated fluid in his 
pleural cavities and required tapping on four occasions. The fluid was greenish or 
amber, clear, and had a specific gravity of 1.014 to 1.018. Two weeks after operation 
he returned to the medical service for observation. 

At this time his only discomfort was pain in the region of the wound on inspira- 
tion. There was a little fluid in each pleural cavity, but no other suggestion of con- 
gestion. His temperature (which dui'ing the week after operation had reached 
103°) went as high as 100° only once. He was discharged after a week. He felt 
a little weak and still had slight precordial pain. 

At home he found, to his disappointment, that he did not gain strength or weight. 
Attempts to increase his bodily activity caused severe pain in the region of his 
operative wound and a consciousness that he could not take a deep breath. Eight 
weeks after operation he was again admitted to the medical ward. 

Examination at this time showed no evidence of venous distension, enlargement 
of the liver, or edema. The venous pressure was 96 mm. of water, the arterial pres- 
sure, 120/95 mm. Hg, and the circulation time, seventeen seconds. Fluoroscopic 
examination of the heart showed large hilar shadows, a small heart beat and in- 
distinct borders, and a -visible, but small, excursion of the right border. These ob- 
servations were accepted as indicating that the mechanical obstruction of the con- 
stricting pericardium had been relieved by pericardiectomy. 

He suffered, however, from a new and distressing disability — a grave interference 
with respiratory movements and a sense of inability to get his breath. He did not 
have orthopnea. Inspiration was sharply limited, and the vital capacity was only 
600 C.C., although there was no e-vddence of pulmonary congestion or edema. The 
trachea was firmly fixed so that it did not move with respiration or deglutition. 
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There 'was a sense of difficialty in swallowing. Vigorous attempts at inspiration 
failed to lift the sternum and led to an apparent sucking in of the apices. Under 
the fluoroscope the diaphragm appeared to he not paralyzed, hut fixed. The sternum 
did not lift, hut there was some expansion of the lower chest outward, and the rihs 
moved upward a little. The anteroventral part of the costal margin moved inward ; 
the axillary part, outward. Certain peculiar additional waves in the electrocardio- 
gram were found to he linked with the recurrent muscular effort of inspiration. 

These abnormalities were taken to point to a mechanical limitation of chest 
mobility, probably caused by involvement of the mediastinum and diaphragm in sear 
tissue, and not by heart failure or constriction. The eechymosis which still sur- 
rounded the operative wound, now over two months old, was attributed to rupture of 
small vessels in the scar tissue by his frantic efforts to expand his chest. 

He had also at this time several attacks of tachycardia with palpitation. On one 
such occasion electrocardiograms revealed nodal tachycardia, with a ventricular rate, 
in the neighborhood of 200. There was some discussion of the possibility of releasing 
the chest surgically from whatever was preventing its expansion. This was decided 
against. The respiratory distress continued, and the patient died suddenly (he was 
found dead in bed a few minutes after he had been observed in no more than his 
usual discomfort) on Sept. 25. This was nine months after the onset of his symp- 
toms and two and one-half months after the operation on his pericardium. 

The description of the significant portions of the post-mortem examination is as 
follows : 

Thorax . — As the anterior aspect of the thorax was opened, the heart was found to 
be firmly bound to the sternum by dense cicatricial tissue. A similar scar bound 
the anterior surface of both lungs to the chest wall. "With the single exception of 
the cicatrix at the site of the operation on the pericardium, these collections of 
cicatricial tissue were confined to their respective serous cavities, and did not merge 
with one another or extend outside the parietal layers. 

In the superior mediastinum the fat overlying the great vessels was free from 
active inflammation or induration. A large fibrotic lymph node bound the anterior 
surface of the trachea (at its bifurcation) firmly to the pericardium covering 
the posterior surface of the right atrium. 

Pericardium . — Between the heart and the sternum there was a mass of cicatricial 
tissue occupying the area of decortication. In this mass, in an area beneath the 
fourth rib on the left, there was a small pocket containing 3 c.c. of yellow, puriform 
material. Tubercle bacilli were obtained from this material by smear and by 
culture. With that exception there was no gross evidence of active inflammation in 
the pericardium. The two pericardial layers were bound together by cicatricial tissue 
that filled the space but measured no more than 2 mm. in thickness (Fig. 1). This 
scar tissue and the heart beneath it were easily compressible. Unfortunately, no 
attempt was made to judge its capacity to stretch. 

Pleura . — On both sides, tuberculous granulation tissue, with the gross appearance 
of a cicatri.\-, covered the visceral and parietal pleural surfaces in a continuous, thin 
laj'er. For the most part the two layers were fused, but interiorly, on each side, a 
small cavity, containing about 30 c.c. of yellow, gelatinous fluid, remained between 
the layers (Fig. 2). 

A«J!r/s.~Through the thin pleural cicatrix the lungs were easily compressible 
and crepitant throughout. When the apices were sectioned no scars or active 
tuberculous lesions were seen. Several fibrosed, black, lymph nodes appeared along 
the larger bronchioles, but there was no caseation or calcification. Posteriorly, in 
each lower lobe, there was slight atelectasis, but elsewhere the lungs were nmll 

aerated, and pink frothy fluid was obtained on pressure. The vessels' wore free 
from thrombi. 
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Figr. 1. — Heart and pericardium in cross section. Anteriorly, all of the cicatrix that 
lay between heart and sternum has been cut away. The surface on the left of the 
specimen is the rough pleural cicatrix which was cut across to free the heart. This 
gives an outer, dark layer. Next is a pale layer of extrapericardial fat, and then a 
dark stratum which is the tuberculous granulation tissue between the visceral and 
parietal pericardium. The next white stratum is the normal epicardial fat with the 
coronary vessels, and beneath this lies myocardium. 



Fig. 2. — ^Diagrammatic cross section of the lower thorax to show the complete en- 
velopment of the lungs by a continuous sheet of scar tissue. The tuberculous cicatrices 
are indicated by broken wavy lines which are drawn somewhat wider than they actu- 
ally were. Posteriorly, the pleural cicatrices are separated by collections of fluid, 
labeled cavity. Elsewhere the two layers are fused. They are confined to their re- 
spective serous cavities except in the operative site anterior to the heart, where tlie 
postoperative cicatrix extends from the heart to the sternum. 
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Pig. 3. — Left lung and pleura (hematoxylin and eosjn stain, Xl5). On the right 
are normal intercostal fat and nerves. To the left of this is the pleural cicatrix, and 
then the atelectatic peripheral portion of the lung. Below is the upper extension of 
the persisting pleural cavity at the left base. The thick tuberculous granulation tis- 
sue covers the pleural surfaces and fuses above to obliterate the cavity. The clear 
areas are active tubercles. There is no tuberculosis in the lung. 



and pleura near apex (hematoxylin and eosin stain V15) The 
obliteration of the plmiral space has left many small irregular cavities filled wife dark 
amorphous debris. About these is a pale collar of active tuberculous granulation tis- 
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Heart . — Cross sections tiirougli the heart showed that the wall of the left ventricle 
measured l.C cm. in tliickness, and that of the right, 1.1 cm. The valves were all 
normal. The superior and inferior v’enae cavae entered the right atrium without 
suffering a reduction of their caliber by the surrounding cicatrix. 

The other viscera were normal in size and gross appearance. The brain was 
slightly edematous, but there was no evidence of inflammation or hemorrhage. 

Microscopic Examination . — The lungs showed moderate edema, as evidenced by 
acidophilic granular material in the alveolar spaces. There were a few scattered 
microscopic areas of early bronchopneumonia. In .the areas of atelectasis the 
alveolar walls were slightly thickened with connective tissue, and the alveolar spaces 
contained macrophages filled with carbon pigment and fat droplets. About four 
small cicatrices were ;'found near bronchioles. These were thought to be healed 
tuberculous lymph nodules, but no active lesions were found. Active tuberculosis 
was evident only on the pleural surfaces. This tuberculous granulation tissue over 
the pleura was for the most part dense and rich in collagen (Pigs. 3 and 4). 



Fig. 5. — Heart and pericardium (hematoxylin and eosin stain, Xl5). Above JS a 
broad zone of tuberculous granulation tissue in the pleura, in which there are pa 
round active tubercles. Next is a zone of normal extrapericardial fat. Then tnere ib 
a dark zone made up of normal connective tissue of the epicardium. Between this anu 
the normal epicardial fat there is a thin stratum of dense tuberculous granulation iib- 
sue, in which the pale round areas represent tubercles. 

A similar, dense, collagenous, tuberculous granulation tissue filled the pericardial 
space (Fig. 5). Scattered through it were many active, proliferative tubercles. The 
epicardial fat was free from inflammation, and the coronary vessels were normal. 
The heart muscle was well preserved. 
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The Hlar lymph nodes and the lymph node between the pericardium and trachea 
showed no evidence of active tuberculosis. These were all replaced almost entirely 
by dense cicatricial tissue (Fig. 6). 

Sections of spleen and liver showed a few active, recently developed tubercles, but 
no other organs showed evidence of tuberculosis. 

A section of skin from the region of the operation was free from evidence of 
inflammation. In the corium there was a moderate amount of recently extravasated 
blood. 

The tuberculous process, even in the active tubercles, was predominantly prolifera- 
tive in character. This proliferation of connective tissue and the elaboration of 
collagen resulted in a process in which cicatrization far overshadowed the sequences 
of inflammation. Using "cicatrix” an this sense, the autopsy observations can be 
summarized as follows: A thin, tough, continuous cicatrix covered the parietal and 
the visceral pleura, and the two were for the most part fused. A similar cicatrix 
bound parietal and visceral pericardium together, except anteriorly, where a true 
cicatrix bound the heart to the sternum. Finally, a tuberculous lymph node in 
which there was the same cicatrizing type of reaction bound the trachea to the 
pericardium. 



S-—- This shows normal trachea with lymph node adherent The IvmnVi norle i« 
niade up almost completely of dense cicatricial tissue. The dark islands are composed 
of lymphocytes and carbon particles. (Hematoxylin and eosln stain, 5lir 


DISCUSSION 

In approaching the problem of explaining the disability eaused by 
these lesions two properties of cicatricial tissues may be recalled: resist^ 
anee to stretehing, and a strong tendency to contraction. The worh 
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in recent 3 'ears of Cliurcliill/ Volhard and Schmieden, ^ White, ^ Beck,^ 
Burwell and Blalock^ and others has served to show how such a peri- 
cardial scar may interfere with diastole. Though under these circum- 
stances systole of the ventricle may be relatively unopposed, such 
interference -with filling leads to a reduced stroke volume and an elevated 
venous pressure, Avith all their discomforts and dangers. 

A similar limitation appears in this patient to have bound the lungs 
also. The normal mobility of the pleura permits expansion of the lungs 
during inspiration. The cicatrices which covered the Avhole area of 
visceral and parietal pleura opposed such expansion, reduced the volume 
of the lung at rest, and allowed only a minute and inadequate tidal 
volume from movement of the chest. The vital capacity fell from 3,100 
to 600 c.o. 

Finally, the trachea was fixed to the pericardium and the pericardium 
to the diaphragm. This limited further the descent of the diaphragm, 
and also interfered Avith the normal movement of the trachea during 
sAAmlloAving. Whether death Avas immediatety due to cerebral edema or 
to some terminal cardiac disorder, such as ventricular fibrillation, it Avas, 
in either case, the result of asphyxia from mechanical interference Avith 
respiration. 

This patient’s course may also bring some evidence to bear on the 
troublesome question of AA^hether perieardiectomy in a patient Avith active 
tuberculous pericarditis tends to “stir up” or to disseminate the infec- 
tion. In this patient, it Avill be recalled that pleural friction rubs Avere 
heard on both sides of the chest, and that organisms Avere found in fiuid 
from the left pleural cavity long before the operation. The real seat 
of trauma from the operation Avas the pericardium, yet there appeared to 
be no evidence of activation of the peiucardial process. It appears, there- 
fore, that the operation only relieAmd the mechanical obstruction to the 
entry of blood into the heart, and neither accelerated nor retarded the 
progress of the tuberculous infection. 

SUMMARY 

This patient had tuberculous pericarditis Avith cardiac constriction, 
plus bilateral tuberculous pleurisy. Perieardiectomy served to relieve 
the cardiac tamponade. He then developed an extreme limitation of his 
respiratoiy excursion, AA’^hich apparently led to his death. Autops.y 
revealed an actively tuberculous constrictive thickening of the peri- 
cardium coAmring the heart, and a similar limiting structure completely 
encompassing the lungs. 

There Avas an interesting parallelism betAveen the effect of the peri- 
cardial lesion on the heart and that of the pleural lesion on the lung. 
Each interfered Avith the expansion and filling of an organ Avhich must 
expand and fill to carry out its essential function. Because of this fune- 
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tional similarity, it appears reasonable to applj^ to the pleural affection 
the term that is accepted as descriptive of the pericardial one. Hence, it 
is referred to as constrictive pleuritis. 
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Corrigendum 

In the article by F. N. Wilson and F. D. Johnston, entitled "The Occurrence 
in Angina Pectoris of Electrocardiographic Changes Similar in Magnitude and in 
Kind to Those Produced by Myocardial Infarction,” which appeared in the July, 
1941, issue of the Journal, Fig. 5, on page 71, was printed upside down. 
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Eckstein, E. W., Eokerts, J. T., Gregg, D. E., and Wearn, J. T,: Observations on 
the Eole of the Thebesian Veins and Luminal Vessels in the Eight Ventricle. 
Am. J. Physiol. 132: 648, 1941. 

The role of the thebesian veins and luminal vessels of the right ventricle was 
studied by injecting India ink or Berlin blue into the isolated right ventricle of 
the beating heart. 

There was no gross or microscopic injection of the myocardium when right 
ventricular systolic pressure was below left ventricular systolic pressure. 

Gross and microscopic mjmcardial injection occurred only when right ventricu- 
lar systolic and diastolic pressures exceeded left ventricular systolic and diastolic 
pressures, respectively. 

Therefore, in the normall}’- beating heart myocardial nourishment does not oc- 
cur through these channels from the right ventricle. 

Authors. 

Weumaim, C., Cohn, A. E., and Burch, G. E.: A Quantitative Method for the 
Measurement of the Eate of Water Loss From Small Areas, With Eesults for 
Finger Tip, Toe Tip and Fostero-Superior Portion of the Pinna of Normal 
Besting Adults. Am. J. Phj'siol. 132: 748, 1941. 

A method is described for measuring the rate of water loss from small sur- 
faces. The method consists in passing dry oxygen through chambers covering 
the surfaces and then conducting the moisture-containing oxygen through cold 
aluminum coils. Prom the difference in weight of the coils before and after the 
passage of the oxygen, the amount of water lost is learned. The method is ac- 
curate to 2.6 per cent. This error can, however, reach 9 per cent when less than 
6 mg. of water are measuz'ed, but such low values were not encountered. 

The rate of the elimination of water was studied from the right index finger 
tip, right second toe tip and posterosuperior portion of the right pinna of fifteen 
white, normal, resting adult subjects. The mean rate of water loss was found 
to be 1.86 mg. per square centimeter per 15 minutes for the finger tips, 1.18 mg. 
for the toe tips, and 0.48 mg. for the pinnae. The rate of water loss in the toe 
tips W’as approximately two-thirds as rapid as in the finger tips, and the rate for 
the pinnae wms only one-quarter as rapid as that for the finger tips. 

Authors. 

Wiggers, C. J.: The Ineffectiveness of Vagal Stimulation on Ventricular Fibril- 
lation in Dogs. Am. J. Ph 3 "siol. 133: 634, 1941. 

In numerous trials on seventj^-eight dogs in which ventricular fibrillation was in- 
duced bj' various means and at various times during the course of an experiment, 
stimulation of the vagus nerves bj' strong faradic shocks and at different times after 
onset of fibrillation never restored normal coordinated beats nor produced con- 
vincing changes in the usual trend of the fibrillating process. Two corollaries fol- 
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low: the method is obviously without value as a resuscitating agent; and 2, 

crucial proof that the vagus has any effect on the fibrillating or normally contracting 
dog’s ventricle still remains to be produced. 

Atjthoe. 

Wfigria, E., Moe, G. K., and Wiggers, C. J.: Comparison of the Vulnerable 

Periods and Fibrillation Thresholds of Normal and Idioventricular Beats. Am. 

J. Physiol. 133: 651, 1941. 

Our results indicate 1, that even in fresh hearts the vulnerable period of pre- 
mature beats is extended nearly to the end of the isometric relaxation process, but 
2, that the fibrillation threshold is not significantly altered. The first demonstra- 
tion supplies supplementarj'' evidence in harmony with our conception of the induc- 
tion of fibrillation following coronaiy occlusion (4). On the other hand, we cannot 
confirm our interpretation that weak, prolonged, direct currents induce fibrillation 
when opening of the current occurs during the vulnerable period of a premature 
systole which has a reduced threshold. 

Our results are also interesting in crystallizing our conception as to the ultimate 
processes which underlie the initiation of fibrillation. An aS 3 'nchronous offset of 
fractionate contractions, caused either bj' a slight delay in their onset or by varia- 
tions in their durations, is, as King has emphasized, considered essential to anj' 
concept as to how fibrillation starts. Our results certainly fail to show that a greater 
degree of asynchronicitj' in termination of contractions in premature beats reduces 
the fibrillation threshold. The sensitivity to fibrillation, therefore, seems to depend 
rather on some inherent characteristic of cardiac muscle at the beginning of the re- 
laxation of its ultimate units. This is supported by our observations that the 
period of vulnerability is extended in beats which arise from an ipsiventricular 
focus. That is not solely due to greater difference in the termination of fractionate 
contractions — as we had postulated — is indicated bj' the facts 1, that the degree of 
extension is too great, and 2, that a similar extension occurs in normally excited 
ventricles with impaired function. 

Authors. 

Leary, T.: Symposium on Sudden Death. Syphilitic Aortitis as a Cause of Sudden 

Death. New England J. Med. 223: 789, 1940. 

Syphilitic aortitis is associated with overstimulation of the essential aortic 
blood vmscular system, the vasa vasorum. With the excessive growth of blood 
vessels, which penetrate through the media into the intima, there is an excessive 
growdh of fibroblastic tissue, which thickens the intima and tends to narrow and 
occlude the portions of the coronary arteries Ijdng within the aortic wall. Marked 
narrowing or occlusion of the ostia may result in sudden death, of coronary tj^e, 
in the early stages of the disease. 

In addition to widening of the commissures and rolling of the cusps, the as- 
sociation of atherosclerosis -svitli late syphilitic aortitis tends to be followed by 
calcification and diffuse dilatation of the aorta, including the ring. Dilatation 
of the ring produces aortic insufiiciency, which may be followed by sudden death, 
of coronary type, but usually leads to late progressive cardiac decompensation. 
Eupture of aneurj^sms is also a cause of sudden death, as is the production of 
local dissecting aneurysms in the lower ascending aorta, with rupture into the 
pericardium. 

Experimental atherosclerosis in the rabbit following the feeding of cholesterol 
results in late diffuse dilatation of the aorta resembling that found in combined 
syphilitic aortitis and atherosclerosis in man. 


Author. 
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Weiss, S.: Symposium on Sudden Death. Instantaneous “Physiologic” Death. 

New England J. Med. 223: 793, 1940. 

In cases of sudden death, post-mortem examination frequently fails to explain 
the mechanism of death. In the majority of cases the underlying structural lesions 
are chronic, and lesions of the same type may be found in cases in which they do 
not contribute to the cause of death. In cases of instantaneous death fresh lesions 
responsible for death are often absent. In the causation of instantaneous death, a 
hj^erirritable myocardium of anoxic or infectious origin and hyperactive reflexes 
singly or in combination play the most important roles. The functional capacity 
of the heart before death in these eases may be adequate or good. The determining 
factor in instantaneous death is often physiologic. 

The general nature of syncopes is discussed. Evidence favors the concept that 
instantaneous death is often a fatal syncope. Asj^stole of various tj'pes and 
ventricular fibrillation are the usual causes. 

Author. 

Moritz, A. E.: Symposium on Sudden Death. New England J. Med. 223: 798, 

1940. 

Although this discussion of the causes of sudden death is in no sense complete, 
it includes some of the more important diseases that commonly predispose to unex- 
pected collapse and death. They do so for one of two principal reasons. The 
disease may render the circulatory system hyperirritable, so that a minor stimulus 
or stress causes the latter to fail, or the disease may be suddenly converted from a 
condition that is compatible with life into one that is incompatible. 

Erom a medical standpoint the chief interest in sudden death lies in the fact 
that its occurrence is often unnecessarily premature. Death may be the result of an 
avoidable trespass on the physical or functional reserve of the diseased part. This 
is particularly true in cases of sudden death from heart failure. If the diseased 
condition were recognized so that the person so affected could be advised how to 
live within the limits of his diminished reserve, there would be less likelihood of 
the commission of fatal physical or emotional excesses. 

For the protection of such a patient and of persons who might be injured by 
him, he should be advised against any undertaking in which his sudden collapse 
might lead to physical injury to himself or others. It is apparent that a person 
threatened with sudden loss of consciousness should not drive an automobile, op- 
erate a public conveyance, or otherwise engage in potentially dangerous under- 
takings. 

From a medicolegal standpoint the subject of sudden death is of great impor- 
tance. On the ability of the medical examiner to recognize the lesions responsible 
for sudden death from natural causes may depend whether an obscure death leads 
to a criminal indictment or to no charge, or whether or not it results in a civil action 
for indemnification. Thus, the difference between a verdict of murder and an 
acquittal may rest on post-mortem evidence. The difference betAveen double and 
single indemnity in the settlement of insurance claims or the difference between 
full workmen’s compensation and no compensation is likewise apt to be dependent 
on eiddence obtained at autopsy. 

The investigation of the causes of sudden death constitutes a problem of far- 
reaching medical and medicolegal significance. . 

Author. 
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Kaplan, L. G., and Katz, L. K.; The Characteristic Electrocardiograms in Left 

Ventricular Strain With and Without Axis Deviation. Am. J. M. Sc. 201. 

676, 1941. 

The electrocardiographic patterns seen in 178 instances (twenty-four necropsied) 
of left ventricular strain are described. 

The characteristic development of the classical S-T-T complex in left ventricular 
strain is emphasized. 

The classical types and intermediate forms are described and the natural evolu- 
tion of these is presented. 

Approximately 15 per cent of the total cases in the present series did not show any 
axis deviation and 62.5 per cent of these had the classical S-T-T deviation in 
Lead I. This latter type is called the concordant type of left ventricular strain. 
It formed 19 per cent of all the eases with characteristic S-T-T changes in Lead I. 

It was not possible to correlate heart size and the type of electrocardiographic 
pattern in left ventricular strain. 

Accompanying right ventricular strain, either as a late result of left ventricular 
or of an associated independent cause, and changes in the heart’s position are the 
probable chief causes for lack of axis deviation in the concordant type of left 
ventricular strain. 

The S-T-T deviation in left ventricular strain is attributable to a distance in the 
retreat of activity in the ventricles, in part due to the hypertrophy itself and in part 
secondary to coronary insufficiency. 

The practical importance of recognizing the concordant type of electrocardio- 
gram in left ventricular strain is emphasized. 

Authors. 

Scherf, D., and Weissberg, J.: The Alterations of the T Waves Caused by a 

Change of Posture. Am. J. M. Sc. 201: 693, 1941. 

The phenomenon of flattening or inversion of a formerly positive T wave in 
Lead III in the upright position was studied in thirty-five patients. This inversion 
increased during deep inspiration and decreased at the end of maximum expiration 
with upward pressure on the diaphragm. 

These observations speak against the assumption that cardiac damage or anoxia 
of the heart muscle can be the factor responsible for the electrocardiographic altera- 
tions. They confirm the conception that the inversion of the T wave is due to a 
change in posture, and therefore a change in contact between the heart and the 
neighboring tissues. 

Authors. 

riaxman, N.: Atrioventricular Nodal Rhythm. Am. J. M. Sc. 201: 857, 1941. 

Atrioventricular nodal rhythm is an infrequent cardiac conduction disturbance 
Avhieh can be diagnosed only with the aid of the electrocardiograph. Its impor- 
tance rests chiefly on the two facts that it is due to a large variety of causes, both 
cardiac and extracardiac, and that it indicates depression of the normal pacemaker 
of the heart, the sinoauricular node. 

Neither digitalis nor quinidine, nor any other special drug is indicated in treat- 
ment since nodal rhythm does not tend to persist after the cause has subsided or 
has been, rmoved. Treatment, if possible, should be directed against the underlying 
^ause. 


Author. 
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Blackford, L. M., and Parker, F. P.: Pulmonary Stenosis Witk Bundle Branch 

Block: Report of a Case With Sound Tracings and Semiserial Studies of the 

Conduction Bundle. Arch. Int. Med. 67: 1107, 1941. 

A case is presented of pulmonary stenosis with right bundle branch block oc- 
curring in a man who died at 23. Congenital pulmonary stenosis was diagnosed 
several years before his death, but the electrocardiogram was interpreted as evidence 
of a septal defect. 

Sound tracings lend little support to the opinion that bundle branch block can be 
diagnosed with the stethoscope. 

Histologic studies confirm the thesis that the cause of bundle branch block is 
often interference with the blood supply of the interventricular septum. 

Paroxysms of tachycardia in cases of serious heart disease indicate a grave 
prognosis. 

Authors. 

Bain, C. W. C.: Variable Ventricular Complexes in Heart Block, and Their 

Relation to Bilateral Bundle Branch Block. Brit. Heart J. 3: 75, 1941. 

Pour cases of A-V heart block with varying ventricular complexes have been 
observed. In two the A-V block was nearly always complete, although retrograde 
conduction occurred at times from ventricle to auricle; in the other two the A-V 
block varied. Analysis of the curves obtained suggests that bilateral bundle conduc- 
tion defects were present in all of these cases. In three the evidence pointed to 
multiple centers of impulse formation, and these all died from Stokes-Adams dis- 
ease; in one it was concluded that variable conduction was taking place down each 
branch from a single idio-ventricular center, and he has had no Stokes-Adams 
attacks. 

Varying ventricular complexes in A-V heart block usually signify the presence of 
bilateral bundle conduction defects. 

The impulses may arise from one or more places in the ventricles. Multiple 
foci of origin increase considerably the risk of Stokes-Adams attacks. 

The duration of the QRS in bundle branch block is in part a measure of the 
speed of conduction in the relatively healthy branch; in bilateral bundle lesions 
the accepted minimum must always be exceeded. In those cases in which one 
branch is conducting normally, this minimum width may not exceed 0.11 sec. 

Some forms of atypical right branch block may represent incomplete right 
branch block, the wide QRS being due to the presence of bilateral defects. 

Author. 

Barber, H., and Osborn, G. R.: A Fatal Case of Myocardial Contusion. Brit. 

Heart J. 3: 127, 1941. 

A fatal case of contusion of the myocardium has been described: there was no 
rupture of the heart muscle. The morbid anatomy has been compared with other 
records. 

Reference is made to clinical histories, already published from this hospital, sug- 
gestive of recovery from contusion of the myocardium. 

Authors. 

Wechsler, H. F., Fanner, L., and Urban, J. A.; A Case of Insulin Allergy Simu- 
lating Coronary Occlusion. J. Lab. and Clin. Med. 26: 1090, 1941. 

The sodium ion depresses the blood sugar level in rabbits. In juvenile diabetic 
patients tlie administration of sodium salts decreases both blood sugar level and 
glycosuria. The mechanism of this action is unknorvn. 
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Potassium salts increased the blood sugar concentration and glycosuria of 
juvenile diabetic persons. This effect appears to be due to a stimulating effect on 
adrenalin discharge and is inhibited by magnesium. 

There is no unanimity of opinion concerning the effect of calcium on the glycemic 
levels of various experimental animals. Calcium salts appear to depress the hyper- 
glycemic effect of epinephrine in animals. 

Nickel and cobalt salts, when added to insulin, delay the effect of the latter in 
normal rabbits and dogs, but not in diabetic human beings. Nickel and cobalt salts, 
when given alone, have no effect on blood sugar level of man or animals. 

Zinc-deficient diet delays the absorption of carbohydrate from the gastrointestinal 
tract of rats. Zinc oxide has been found to produce glycosuria in dogs and pan- 
creatic fibrosis in cats. The zinc content of the pancreases of diabetic persons is 
greatly below normal. 

Zinc, aluminum, ferric chloride, nickel, or cobalt, when mixed with insulin, de- 
lays the action of the latter; calcium, magnesium, and potassium alum do not delay 
the effect of insulin when mixed with it. 

Lead and manganese decrease the fasting blood sugar levels. 

Phospho-24-tungstie acid, phosphomolybdic acid, molybdic acid, silico-tungstic 
acid, sodium tungstate, and ammonium phospho-1 8-tungstate appear to cause a de- 
crease in blood sugar of diabetic persons. 

Glycosuria has been observed after the administration of mercury, uranium, 
and chromium. 

The administration of copper salts, both in man and animals, causes a decrease 
in the ability of adrenalin to mobilize liver glycogen. 

Authors, 

White, P. D., and Bland, E. F.; Mitral Stenosis After Eighty. J. A. M, A. 116: 

2001, 1941. 

Four patients with mitral stenosis of moderate degree, proved at autopsy, sur- 
vived the age of 80 years, two men aged 83 and 81, and two women aged 82 and 83. 
Tlie first patient of the group, unaware of his heart trouble, carried on an active 
and eminently useful medical career, was a leader of his generation, and himself 
wrote on the good prognosis of many cases of rheumatic heart disease. 

Authors. 

Cossio, P., Berconshy, I., and Gamha, R.: Pulmonary Stenosis and Nodular Os- 
sification of the Lungs. Rev. argen. de cardio. 7: 385, 1941. 

A case is described of cor pulmonale of subchronic evolution with multiple 
nodular ossification of the lungs verified at autopsy. 

Tlie nodular ossification of the lungs was due to a process of metaplasia of the 
connective tissue caused by a bronchioalveolar and arteriolar chronic inflammatory 
state. It is believed that the excess of work of the right ventricle was a conse- 
quence of the diminished diameter of the pulmonary arterioles. 

Tile electrocardiographic alterations observed (deep S I and S II, negative T III 
and T IV) are believed to be due to disturbances in the metabolism of the heart 
muscle as a result of fatigue of the strained right ventricle, and not to a pulmo- 
coronary reflex. 

Cor pulmonale and multiple nodular ossification of the lungs should be considered 
in Gie diagnosis whenever multiple nodular micronodular shadows are radiologieally 
verified in the lungs accompanied by cardiac disturbances and the described 
electrocardiographic alterations. 


Authors. 
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HutlJard, J. P.: Paroxysmal Tachycardia and Its Treatment in Young Infants 

Am. J. Dis. Child. 61: 687, 1941. 

Nine cases of paroxysmal tachycardia occurring in young infants are reviewed. 
The fact that six of these were observed during one year stands in contrast to the 
sparsity of well-established cases in the literature and indicates that such cases may 
occur more often in the early montlis of life than has heretofore been recognized. 

In these nine cases and in nineteen collected from the literature, in all of which 
the infants were less than 1 year old, there is a distinctive clinical course which in 
certain respects diifers from that in eases of paroxysmal tachycardia in older chil- 
dren or in adults. The heart rate is usually 250 to 300, and if the tachycardia con- 
tinues for several days, as it is likely to do, it brings on circulatory failure, whicli 
is associated with vomiting, dyspnea, fever, leucocytosis, cardiac enlargement, pul- 
monary possibility and engorgement of the liver. Failure to bear in mind the possi- 
bility that paroxysmal tachycardia is present in a young infant may lead to such mis- 
diagnoses as pneumonia or congenital idiopathic hypertrophy of tlie heart. 
Paroxysmal tachj'cardia in young infants may be severe and may have a fatal 
termination if untreated, but so far as present experience indicates, the disease 
responds satisfactorily to adequate doses of digitalis. 

Author. 

Kuttner, A. G., and Krumwiede, E.: Observations on the Effect of Streptococcal 

Upper Respiratory Infections on Rheumatic Children: A Three-Year Study. 

J. Clin. Investigation 20: 273, 1941. 

The effects of three outbreaks of streptococcal upper respiratory infections 
during three successive winters in a colony of rheumatic children are described. 
Each of these outbreaks was due to infections with a single tjq)e of Group A 
beta hemoljffic streptococci, but during each epidemic a different type was 
prevalent. 

The incidence of rheumatic recurrences following these streptococcal upper 
respiratory infections varied greatlj' — ^from none to a large proportion of the 
cases. 

A comparison of the epidemic strains failed to reveal any significant dif- 
ferences which might account for the variations in the incidence of rheumatic 
recurrences. 

A comparison of the rheumatic histories of children who escaped and of those 
who developed rheumatic recurrences following pharyngitis due to “effective” 
strains of streptococci likewise did not show any striking differences. Our findings 
suggest that the vulnerability of the rheumatic subject to the effect of streptococcal 
upper respiratory infections is variable, and depends on factors which at the present 
time are not understood. 

No rheumatic recurrences were observed in children who escaped streptococcal 
upper respiratory infections during the three-year period. 

Authors. 

Reyersbacb, G., Lenert, T. F., and Kuttner, A. G.: An Epidemic of Influenza B 

Occurring in a Group of Rheumatic Children Concurrent With an Outbreak 

of Streptococcal Pharyngitis; Clinical and Epidemiological Observations. 

J. Clin. Investigation 20: 289, 1941. 

An outbreak of influenza due to a recently described influenza virus, Influenza B 
(2), in a relatively isolated gi-oup of rheumatic cliildren has been described. 

The clinical symptoms were mild and remained remarkably uniform throughout 
the epidemic. No complications of any kind developed. 
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The characteristic laboratory finding was a relative leueopenia. 

No evidence was obtained to suggest that the virulence of a Group A Beta 
hemolytic streptococcus of proved pathogenicity was increased by this strain of 
influenza virus. 

Eheumatic recurrences were not precipitated by the influenza outbreak. 

Authoks. 

Walsh, B. J., and Sprague, H. B.: Character of Congestive Tailure in Children 

With Active Rheumatic Bever. Am. J. Dis. Child. 61: 1003, 1941. 

The clinical features of congestive failure in children with rheumatic heart 
disease are described, the observations being based on a study of forty-four chil- 
dren between the ages of 3 and 15 years wdio were seen between July 1, 1937, and 
April 1, 1940, at the House of the Good Samaritan. 

The initial signs of heart failure in these fort 3 --four children with rheumatic 
fever and congestive failure were enlargement of the liver and pufiiness of the face 
accompanied by unexpected gain in weight. A few children with congestive failure 
and active rheumatic fever preferred to lie flat in bed. These children had marked 
puffiness of the face, which caused them to look as if they had primary renal disease. 

Pulmonary rales were seldom heard in these children, their appearance being lim- 
ited to the terminal stages of the illness. 

Other important e\ddences of congestive failure in children with rheumatic fever 
and congestive failure were high venous pressure apparent at the onset of the fail- 
ure, a shift of the electrical axis of the heart to the right, which increased with 
progression of the heart failure and decreased or disappeared with the patient’s 
improvement or recovery, and a well-marked diastolic gallop rhythm along the upper 
left sternal border. 

Authors. 

Corbit, J. D., Jr.: The Effect of Pregnancy Upon Experimental Hypertension in 

the Rabbit. Am. J. M. Sc. 201: 876, 1941. 

A studj' was made of the fluctuations in: a, blood pressure; b, blood urea; 
and c, in the excretion of urinarj' protein during pregnancj' in normal rabbits, 
and in rabbits in which arterial tension was previousl 3 - raised b 3 " the experimental 
induction of renal ischemia. 

It was found in both groups of animals that pregnanc 3 ’’ tended to bring about 
a lowering of the systolic pressure a few da 3 's before the onset of labor. The 
extent of this fall amounted to about 20 per cent of the pre-pregnancy tension. 
The return of pressure to the pre-pregnanc 3 ' level occurred gradually during 
the first tvro to three rveeks post partum. 

In the normal animal these fluctuations of arterial tension were not accom- 
panied by significant alterations of blood urea, nor by proteinuria. In the renal 
ischemic animals, however, there was a coincidental, slight, prepartal fall of blood 
men, and a tend 6 nc 3 ’^ to proteinuria. In no animal was there evidence to indicate 
tliat these changes were due to ill health. The normal gestational increase of ma- 
ternal body weight took place, the pregnancies were normal in duration, and the 
number of pups born was normal for this species. 

Tlie extent of the prepartal fall of blood pressure was proportionate to the number 
of fetuses present. 


Author. 
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Garreton-Silva, A., Oroxatto, E,, Fuenzalida, O., and Viveros, R.: Experimental 
Investigation of Pressor Substance With Blood of Patients With Arterial 
Hypertension. Rev. argent de eardiol. 8: 1, 1941. 

Citrated plasma from human arterial or venous blood was perfused through a 
Lawen-Trendelenburg preparation using the Chilean frog. 

The plasma from twenty-eight adult patients with different tj^^es of liyperten- 
sion, when mixed with Page’s renin activator (hypertensin precursor) produced in 
all cases a vasoconstrictor action. Hypertensive plasma or activator was inactive 
when perfused alone and noi-mal plasma alone or mixed with the activator, showed 
also no vasoconstrictor action. 

The presence of vasoconstrictor substances related to renin (angiotonin or 
hypertensin) in the blood of hypertensive subjects seems to indicate tliat Gold- 
blatt’s phenomenon (renal ischemia) plays a role in the pathogenesis of those cases. 

Authors. 

Riggs, Theodore P., and Satterthwaite, Richard W.: Unilateral Kidney With 
Partial Occlusion of the Renal Artery Associated With Hypertension: Case 
Report. J. Urology 45: 513, 1941. 

An unusual anomaly^ of a single kidney and ureter on the right side, with ob- 
struction of the renal artery by a small dissecting aneurysm and a localized 
sclerotic plaque, is reported. 

The development of hypertension in its acute phase in this case may have been 
initiated by the partial occlusion of the lumen of the main renal artery and its 
three branches by this aneurysm. 

Cases of hypertension, especially those of sudden onset, no matter what the age 
of the patient, would appear to warrant complete investigation of the renal arteries 
for abnormalities. 

Authors. 

Johnson, Carl A.: A Study of the Clinical Manifestations and the Results of 
Treatment of Twenty-Two Patients With Raynaud’s Symptoms. Surg. Gynec. 
& Obst. 72: 889, 1941. 

The results of a study of twenty-two patients with Raynaud’s syndrome are 
presented with the following opinions: 

1. Observations on this series of patients confirm Hutchinson’s statement made 
more than fifty ymars ago that what is known as Raymaud’s disease is not a clinical 
entity, and that the peripheral manifestations observed are merely symiptoms of some 
more fundamental disease. 

2. The vascular changes during a Raynaud ’s attack are not necessarily due 
to an active vascular constriction, but may be the results of a vasodilatation in the 
palmar arch with a diversion of blood from the fingers and a passive collapse of 
the vessels. 

3. In this series of patients, surgery' of the sympathetic nervous sy'stem was a 
therapeutic failure but medical management gave considerable relief in a number of 
patients. 

Author. 

Hussey, H. H., and Katz, S.: The Comparative Value of Ether and Paralde- 
hyde as Agents for Measurement of the Arm to Lung Circulation Time in 
Fifty Patients With, and Fifty Patients Without Heart Failure. Am. J. M. Sc. 
201: 669, 1941. 

Measurement of the circulation time is useful in the diagnosis and study of a 
number of diseases, and especially of heart failure. 
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A comparison of the relative value of ether and paraldehyde for measurement 
of the arm-to-lung circulation time is presented. These two drugs, have already 
been reported to give approximately equal results in normal persons. This has been 
confirmed in our studies in fifty patients having no cause for delay of the circulation 
time. 

Comparison of circulation time measurements obtained almost simultaneously 
by means of ether and paraldehyde in each of fifty patients with heart failure shows 
that measurements with paraldehyde are usually significantly longer than those 
with ether. Such differences constitute an inaccuracy which may be misleading 
clinically. 

Speculation as to the possible reasons for the discrepancy in measurements made 
with ether and paraldehyde is offered, and the conclusion drawn that ether is the 
agent of choice for estimation of the arm-to-lung circulation time. 

AtITHOBS. 

Bedford, D. E., and Lovibond, J. L.: Hydrothorax in Heart Failure, Brit. Heart 

J. 3: 93, 1941. 

Old and recent views on hydrothorax have been reviewed and its clinical and 
radiologic diagnoses have been discussed. 

Hydrothorax was observed at some stage in 136 (38.5 t>er cent) of 356 cases 
of congestive heart failure, diagnosis being mostly radiologic, and in 45 (41.3 per 
cent) of 109 cases of failure examined post mortem. The hydrothorax was right- 
sided in sixty-eight cases, left-sided in forty-two, and bilateral in twenty-six; this in- 
cluded eleven interlobar effusions. Neither these nor previous statistics show right 
unilateral hydrothorax to be as predominant as generally supposed. 

A definite relation was found between the site of the hydrothorax and the under- 
lying heart condition. Hypertension, left heart failure, and normal rhythm favored 
a left liydrothorax ; mitral stenosis, combined right and left heart failure, and 
auricular fibrillation favored a right hydrothorax. Clinical hydrothorax, which 
clears up rapidly \vith treatment, can rarely be attributed to pulmonary infarction, 
but in the terminal stages of heart failure and at post mortem examination in- 
farction is often an associated condition. 

Hydrothorax is not uncommon in left heart failure, when it is a complication 
of pulmonary congestion. This explains its occurrence without edema. In pure 
right heart failure ascites without liydrotliorax is the rule. 

The pleural fluid in hydrothorax may' show some degree of inflammatory' re- 
action, probably due to its contact with chronically congested lungs, and no sharp 
division between transudate and exudate (cardiac pleurisy) can usually be made. 

In response to treatment by mercurial diuretics, hydrothorax often clears up 
completely within a few weeks or months, leaving no residue; but occasionally 
it becomes chronic and persists for a year or longer. 

Tile pathogenesis of hydrothorax has been discussed and reasons given for re- 
garding it as related to pulmonary rather than sy'stemic venous engorgement, and 
as a transudate from the visceral rather than the parietal pleura. Unilateral and 
interlobar hy'drothorax can better be explained in terms of pulmonary than of 
systemic stasis. 

Authors. 

Sauer, P. K.: The Choice of Anesthesia in Operative Patients With Heart Dis- 
ease. Am. J. Surg. 48: 532, 1940. 

ihe most common types of heart disease have been discussed from the stand- 
point of a choice of anesthetics. 
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Anesthetics have been chosen for each type of heart disease tliat will involve 
the least risk. 

Contraindications to certain anesthetics in various types of heart disease have 
been emphasized. 

A suggestion for the improvement of the service by a more careful consideration 
in the choice of anesthetics by both the surgeon and the anesthetist has been made. 

Author. 

Wood, P.: Da Costa’s Syndrome (or Effort Syndrome) (Goulstonian Lectures 

to the Eoyal College of Physicians of London, 1941). British Med. J. 1: 767, 

1941. 

The symptoms and signs of Da Costa’s syndrome more closely resemble those of 
emotion, especiallj’’ fear, than those of effort in the normal subject. 

The mechanism of the somatic manifestations depends upon central stimulation, 
not upon hj'persensitivit}' of the peripheral autonomic gear. 

This central stimulus is emotional, and is commonly the result of fear. 

The reaction becomes linked to effort by a variety of devices, which include 
misinterpretation of emotional sj^ptoms, certain vicious circular patterns, the 
growth of a conviction that the heart is to blame, consequent fear of sudden death 
on exertion, conditioning, and hysteria. 

Incapacity tends to be exaggerated consciously or subconsciously in order to pro- 
tect the individual from further painful emotional experience. 

Treatment in the Army is shackled by inability to remove the distressing en- 
vironmental factors which have caused or have aggravated the breakdown; by the 
difficulty in establisliing intimate contact with a patient who did not choose his 
medical confidant; by the duty of having to serve tlie State first, the patient second. 

It is urged that the diagnosis of “effort sjmdrome” be dropped. A proper 
psychiatric diagnosis is nearly always available; if attention is to be called to the 
presence of effort intolerance, let effort intolerance be added in brackets. 

Author. 

Lichtman, S. S., and Bierman, William: The Treatment of Subacute Bacterial 

Endocarditis. J. A. M. A. 116: 2S6, 1941. 

Among 200 cases of subacute bacterial endocarditis due to Streptococcus virUlans 
and nonhemolj'ticus collected from the literature and the records of the Mount Sinai 
Hospital in which the sulfonamide drugs w-ere administered, recovery occurred in 
twelve, an incidence of 6 per cent recovery. 

Among forty-three patients treated with combined chemotherapy and heparin, 
five recovered, an incidence of 11.5 per cent recovery. 

Among twenty-four patients treated by chemotherapy and physically induced 
hyperthermia, four recovered, an incidence of 16 per cent recovery. Of twenty-one 
patients treated by chemotherapy and hyperthermia induced by intravenous typhoid- 
paratyphoid vaccine, five recovered, an incidence of 25 per cent recovery. 

The number of cases in the three series treated by combined methods is still too 
small to yield an accurate statistical estimate of the incidence of recovery in each 
group. This preliminary review of the results obtained thus far is encouraging. 
The combined methods of therapy seem to promise a greater incidence of re- 
covery than may be anticipated in the natural course of the disease or after treat- 
ment with the sulfonamide drugs alone. 


Authors. 
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CLiNiCAii ASPECTS OF THE Ei.ectroi'akwooram ; By Hiivold E. B. Pardee, M.D., 
Assistant Professor of Clinieal Medicine, Cornell University Medical College, 
Ed. 4, 434 pages, 102 figures, Paul B. Hoeber, Inc., New York and London, 
1941^ $o.7o. 

The first edition of tliis deservedly popular book, wliieli was publislied in 1924, was 
quickly recognized as one of tlie best texts on clinical electrocardiography. As 
each successive edition appeared, this reviewer has always included it among the 
books recommended to those who desired more than a bowing acquaintance with the 
subject. The present edition has been revised and brought up to date. It main- 
tains the high standard of the previous editions. 

Since the author has grown up, as it were, with Ids subject, and has been an 
outstanding investigator, clinician, and teachei- for over twenty years, he is eminently 
qualified for his task. In dealing with a literature so voluminous as that of clinical 
electroeardiographj’, the selection of material for a book of tliis kind becomes a 
matter of major importance. This has been done with discriminating judgment. 

Among the e.xcellent features is the chapter entitled ^‘The Normal Electro- 
cardiogram," which covers forty-four pages. Careful study of this chapter and 
the one entitled "Hypertrophy of the Chambers of the Heart" will prove particu- 
larly helpful to those who wish to learn how to interpret electrocardiograms. 

Tlie author remains a convinced adherent of the Einthoven equilateral triangle 
hypothesis and accounts for all electrocardiographic deflections in limb leads on this 
basis. In his discussion of the theory of the electrocardiogram one obtains no 
inkling of the fact that there are dissenters from the faith in Einthoven ’s famous 
group of assumptions. Even Eyster’s fundamentally important contribution, "The 
Nature of the Electrical Field Around the Heart," which has done much to impair 
the prestige of the triangle hypothesis, is not mentioned in this connection. This is 
to be regretted, for the attacks made during the past few years on the validity 
of the assumptions which underlie the hypothesis cannot be ignored much longer. 
However, no fair-minded person would criticize the author for his adherence to a 
view which has not only survived for nearly thirty years, but is still venerated by 
the majority of workers and taught in practically all textbooks. 

It is a pleasure to welcome and recommend this new edition of a carefully pre- 
pared book which udll doubtless continue to serve a very useful function as an in- 
troduction to clinical electrocardiography. 

Charles C. Wolferth. 
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THE AUTONOMIC MECHANISM OF HEAT CONSERVATION 

AND DISSIPATION 

T. Effects of Heating the Body 

Evidence for the Existence of Capillary Dilator Nerves in 

Anterior Roots 

Olan R. Hyndman, M.D., and Jui.tus AVolkin, M.D. 

Iowa City, Iowa 

A mong the important fnnetions of the siiin are the conservation 
. and dissipation of heat for the purpose of maintaining a constant 
central temperature. The thoracolumbar or sympathetic^' division of 
the autonomic nervous system plays a major role in subserving this 
function. Aluch can be learned concerning this function of the sym- 
pathetic system by studying the skin reactions of patients who have 
had various operative procedures performed on the nervous system 
(particularly s^Tupathetic). We have studied the effects of heat, cold, 
adrenaline, and pilocarpine on a series of such patients. AVe have 
studied the effect of heat on a larger series than that reported here, but 
this group is representative. 

Our studies have involved observations concerning three factors in 
heat regulation by the skin: sudomotor, vasomotor, and pilomotor. 
Tliere is evidence that responses may occur in each of these S 3 'stems and 
be governed by (1) the end organ itself (sweat gland, arteriole and 
capillary, and pilomotor muscle), (2) by a reflex through the spinal 
cord, and (3) by central (hypothalamic) control. For convenience we 
will hereinafter refer to these three mechanisms as first, second, and 
third order reactions, respectively. 

Stveai Gland . — AUe have presented evidence’ that the sweat gland 
itself mai'' respond to a heat stimulus after its nerve fiber has degen- 
erated, if the skin is covered. 

From the Department of Surgery, Neurosurgical Service, College of Medicine State 
University of Iowa. 

Received for publication Nov. 14. 1940. 

•Sympathetic is used in contradistinction to the parasympathetic (craniosacrall 
division. . . ' 
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Reflex sweating (second order reaction) after complete transverse 
lesions of the cord^ and thermoregiilatorj^ sweating (third order reac- 
tion)® are well-known phenomena. 

Vasomotor System of Stem . — One must give separate consideration 
to capillaries and arterioles. The first order mechanism is easily demon- 
strated in patients after postganglionic degeneration by placing them 
in hot or cold environments or by placing hot or cold objects on the 
sympathectomized part. 

We have not been successful in demonstrating the second order vaso- 
motor reaction convincingly, but it proliably functions to some degree. 
We feel that the tests should be carried out on spinal patients or spinal 
animals.^ On one spinal patient we were able to elicit no significant 
contralateral changes in the skin temperature of the toes when the op- 
posite extremity was immersed in cold water at a time when the cord 
reflexes Avere intact. Gibbon and Landis® found that, Avhen the fore- 
arms of normal persons in a cool room were immersed in Avarm Avater, 
the temperature of the toes AAmuld rise eonsidei'ably. This, hoAvever, is 
most likely a third order mechanism, and not reflex to any great extent 
through the cord. They also gave evidence to verify this reasoning. 

That there is a third order (hypothalamic) A'asomotor control of 
arterioles is umll knoum.® We are adding to this strong evidence that 
capillary dilatation is centrally controlled. 

Pilomotor System. — We have ahvays been able to elicit a local pilo- 
motor response to pinching in sympathectomized skin areas. Pilomotor 
activity en masse in spinal man and third order or centrally controlled 
pilomotor activity are knoAvn to exist.® Our studies AAmuld indicate 
that the first and third order mechanisms are bj^ far the most impor- 
tant and that the reflex mechanism through the cord normally plays 
a very minor role. 

No true parasympathetic (craniosaci-al) fibers inner A'a ting the SAveat 
glands, arterioles, or pilomotor muscles of the skin have been demon- 
strated. These structures are controlled by the thoracolumbar or sym- 
pathetic dhdsion only. HoAvever, many iiiA^estigators haA'-e demonstrated 
that there are tAvo types of fibers in the sAunpathetie system, and it is 
noAV generally accepted that tAvo types do exist, namely, cholinergic 
and adrenergic.'"^® It does not seem possible that one type of fiber 
could subserve all the functions AAfiiich are knoAAm to take place in the 
skin structures, nor can it be assumed that the dual function ascribed 
to the peripheral activity of hormones can exist Avitliout postulating a 
dual innei'Amtion. For example, thei’e is cAudence for the existence of 
Amsodilator as AAmll as Amsoconstrictor fibers to the arterioles of the skin. 
Our study does not proAm or disproAm that there are A^asodilator fibers 
to arterioles, but LeAAus and Pickering,^® by ingenious experiments, haA^e 
produced eAudence that they exist. Also, there is some cAodence that, 
AAdien cholinergic fibei’s are actiAm, the adrenergic ones are inhibited, 
and Auce versa. For example, in postoperative hyperthermia, Avhich, 
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we believe, is a manifestation of extreme overaetivity of tbe heat-con- 
serving mechanism, we have observed marked vasoconstriction, waves 
of pilomotor activity, and absence of sweating. In sneh a ease it has 
been very difficult, if not impossible, to break through the sweat "in- 
hibition ’ ’ with pilocarpine. Lastly, it might be assumed that adrenaline 
would inhibit sweating. Although we have not tested this, Higier"' 
regards it as proved. 

The efficiency with which the skin may conserve or dissipate heat in 
man is quite remarkable. In hyperthermia the skin may be icy cold 
when the circulating blood has a temperature of 108° P. 

We should like to emphasize that in this, as in other studies involv- 
ing neurophysiology, normal reactions are functionally integrated to- 
ward a purposeful end. The third order, or centrally controlled mecha- 
nism, is dominant. The general location of primary heat-conserving 
and heat-dissipating centers in the hj’^pothalamus® is known, and this 
head ganglion responds to the needs of the organism. So far as the 
thermoregulatory control is concerned, the response is standard. In 
heat conservation there are vasoconstriction, pilomotor activity, and 
absence of sweating. In heat dissipation there is vasodilatation of the 
arterioles of the skin, followed, when the need is extreme, by capillary 
dilatation, sweating, and absence of pilomotor activity. The higher 
centers, i.e,, the frontal lobes, impel the hypothalamus under certain 
conditions to produce skin reactions which do not follow the usual pat- 
tern of thermoregulatory activity. The combination of vasoconstriction 
and sweating which occurs with fear and emotional blushing are exam- 
ples of such a reaction. 

It does not follow that, because a certain stimulu.s causes vasocon- 
striction in the skin, it will also cause vasocon-striction in the deeper 
vessels. The reverse may be true, but in any case the responses will 
depend upon the biologic objective. Talbot^® has made some very ex- 
tensive studies of skin temperature under varying conditions. He found 
that during exercise there is a fall in skin temperature, even though 
there is a rise in body temperature. In this case heat elimination does 
not keep pace with heat production. During the half hour after activ- 
ity has ceased, the skin temperature rises frequently to a point much 
higher than that which preceded exercise. Benedict and Parmenter^® 
also found a lowering of skin temperature during exercise. These 
results can be explained partly by vasoconstriction in the skin to mobi- 
lize blood where it is most needed. 

Again, the responses obtained when an anterior spinal root is arti- 
ficially stimulated are vasoconstriction, pilomotor reaction, and sweat- 
ing,” i.e., a heterogeneous, purposeless combination which should not 
be accepted as indicating integration of function. 

Of the three thermoregulatory responses in man, sweating and vaso- 
motor control are the most important; the pilomotor reaction is only a 
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vestige of an important function in animals and birds. Sweat can 
serve its purpose of having a cooling effect onty in proportion to evapo- 
ration. If the latter cannot occur, .sweating must surelj- be of little 
value in dissipating heat. Vasodilatation is undoubtedly the most im- 
portant factor in heat dissipation in man. 

Although skin temperature may be accepted as a reasonably accurate 
index of the rate of heat dissipation, this is true only within certain 
limits. Heat may be dissipated in two ways by vasodilatation. The 
arterioles may open, thereby increasing the minute volume flow of 
blood subject to radiation. In this ease, and from a purely physical 
standpoint, skin temperature would approach the central temperature 
as a limit. Actuallj^, in our experience, it has never reached the cen- 
tral temperature. If the arterioles are in a state of maximal dilatation, 
numerous capillaries maj^ open, -which would increase the amount of 
blood exposed to radiation, and reduce its velocity. Under these con- 
ditions the skin temperature will no longer be an index to the rate of 
heat dissipation. Indeed, it is conceivable that the skin may become 
colder even when the rate of heat dissipation has increased. When the 
capillary bed opens up, the skin presents a sunburn flush, but its tem- 
perature does not always exceed that of an unflushed zone. Although 
capillary and arteriolar dilatation probably aceur to some degree con- 
comitantly, we have seldom seen visible evidence of flushing unless the 
need for heat dissipation was great. 

The criticism might be offered that the skin may act as an inanimate 
body under the conditions of these experiments. We feel, however, 
that the presence of circulating blood in the skin clearly dispels this 
criticism. In fact, the temperature of the skin is at all times a func- 
tion of the temperature of the blood and of the factors which control 
its rate of flow. To obtain data relevant to this problem was the exact 
purpose of these experiments. The cabinet was always twenty or more 
degrees warmer than the body of the patient, and yet the skin tem- 
perature never at any time rose as high as the body temperature be- 
cause the skin does not respond as an inanimate body. 

It might also be supposed that SAveating Avould interfere AA'ith the 
results. Some of the experiments Avere done Avith the subject under the 
influence of atropine, and others AAUthout atropine. When atropine 
Avas used, in some cases the skin remained tlioroughly dry throughout 
the experiment, but, in any case, the results Avere alAA^a.ys the same AA'ith 
or AAuthout sAA^eating — that is, in patients aaIio had had a unilateral 
sympathectomy the temperature of the fingers or toes Avas the same on 
both sides at the end of the experiment. We feel that this fact in itself 
bears out our contention that sAAmat has little or no influence on the 
temperature of the skin except through the cooling effect of evapora- 
tion. Under the conditions of these experiments the chance for ewnpo- 
I'ation Aims absent or minimal. 
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Skin, temperatures were taken with a Tycos Dermatherm.* Basal readings were 
made shortly before placing the patient in the cabinet. The patient was exposed for 
twenty^ to thirty minutes at a constant room temperature before the basal readings 
were taken. He was then placed on his back in a Burdick fever therapy' cabinet! 
which had attained a maximum temperature with dry heat. The patient's head re- 
mained outside the cabinet. At the termination of the experiment, which lasted 
forty-five minutes to an hour, the cabinet was opened and the skin temperatures 
taken. The mouth temperature, pulse rate, and blood pressure were followed. The 
thermometer of the dermatherm was checked for each set of readings, and the 
absolute temperature of the skin was calculated in degrees centigrade. 

We studied the effect of external heat, the inductotherm, and the inductotherm 
after a hypodermic injection of atropine (gr. ^5) to prevent sweating and to 
encourage the most marked vasomotor reactions. Tlie inductotherm plus atropine 
produced the most marked and interesting responses. 

EFFECTS OP HEATING THE BODY 

Expenniment 1. — Nov. 24, 1939. Effect of dry heat. Ealph McG., aged 55 years, 
one hundred twenty days after the removal of the left inferior cervical and the 
upper six dorsal ganglia (Table I). 


Table I 

Effect of High Tempeeature on Skin 


SKIN TEMPERATURE (°C) 


PART 

RIGHT 

LEFT 


RIGHT 

LEFT 

RIGHT* 

LEFT* 

Forehead 

31.6 

31,6 


31.7 

32.7 


•fl.l 

Cheek 

31.1 

31.1 


34.7 

32.7 

■f3.6 

+1.6 

Neck 

32.1 

32.6 


32.2 

33.2 



Chest 

32.1 

32.1 


32.2 

34.2 

•H.l 

+2.1 

Arm 

31.6 

31.6 


32.7 

33.7 

■H.l 

+2.1 

Forearm 

31.6 

32.1 


32.7 

33.7 

-H.l 

+1.6 

Finger 

31.6 

32.1 


32.7 

32.7 

•fl.l 


Abdomen 

33.1 

33.1 


32.7 

32.7 


-0.4 

Thigh 

32.1 

32.1 


32.2 

32.2 


+0.1 

Calf 

32.1 

32.1 


32.2 

32.2 



Ankle 

31.6 

31.1 


.32.2 

32.2 


+1.1 

Mouth tem- 
perature 

B. P. 

Pulse 

Time (p.M.) 
Remarks 

36.77° C. 
98.2° F. 
114/70 

96 

2:26 

Basal 


2:30 

In cabinet 

36.88° C. 

98.4° F. 

96/64 

104 

3:20 

Cabinet opened 




tomized zone. No flushing' of the skin was seen. 

’Differences between first and last readings. 

Room temperature, 26.7° C. ; temperature of cabinet, 45.0° C. (dry heat). 


'mpathec- 


Comment.— The left middle finger was only 0.5“ C. warmer than the right at the 
beginning.! The temperatures of the two were equal at the end of the experiment; 
they had become only slightly warmer. The mouth temperature rose only' 0.2° F. 

Experiment 2. Dec. 4, 1939. Effect of dry heat and atropine. Ealph McG., 130 
days after operation. (Table II.) 


♦Taylor Instrument Company, Rochester, n. y. 

use^lh? Bmdicl‘Sem,\Td"Miss f^r'^mf heluM cZ"^ T 

in carrying out the experiments. e u enaianat lor her helpful cooperation 

thaf tois'^StrS^e'Zerluon.'’^''^*"''®" two sides was no greater 
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Comment . — The temperatures of the middle fingers were equal at the beginning 
and end of the experiment; thej' rose 3.7° C. On the whole, the temperatures rose 
higher than in the previous experiment, and the mouth temperature rose 1° F, The 
demarcation of flushing on the face, as noted below Table II, was marked. 

Table II 

Effect of High Temperature and Atropine on Skin 





SKIN TEMPERATURE 

’ (‘■c) 




RIGHT 

LEFT 


RIGHT 

LEFT 

RIGHT* 

LEFT* 

Forehead 

32.5 

32.5 


32.7 

32.7 

+0.2 

+0.2 

Cheek 

32.5 

32.5 


33.2 

31.7 

+0.7 

-0.8 

Neck 

31.5 

31.5 


32.7 

32.2 

+1.2 

+0.7 

Chest 

33.0 

33.0 


34.2 

35.2 

+1.2 

+2.2 

Arm 

33.0 

33.0 


34.2 

34.7 

+1.2 

+1.7 

Forearm 

32.5 

32.5 


33.7 

34.2 

+1.2 

+1.7 

Finger 

31.5 

31.5 


35.2 

35.2 

+3.7 

+3.7 

Abdomen 

33.0 

33.0 


34.2 

34.2 

+1.2 

+1.2 

Thigh 

32.0 

32.5 


34.2 

34.2 

+2.2 

+1.7 

Calf 

32.0 

32.0 


34.2 

34.7 

+2.2 

+2.7 

Ankle 

32.0 

31.5 


34.7 - 

34.7 

+2.7 

+3.2 

Mouth tem- 
perature 

B. P. 

Pulse 

Time (p.m.) 
Remarks 

36.66° C. 

98.0° F. 

90/64 

96 

3:15 

Basal 

Atropine (gr. 

1/^0 )» 

3:18 

In cabinet 

37.22° C. 

99.0° F. 

92/66 

120 

4:15 

Cabinet opened 




Observations . — There were complete absence of sweating’, marked flushing on the 
normal side of the face and on the normal ear and no flushing on the face and ear of 
the denervated side. The line of demarcation was sharp and definite. 

♦Differences between first and last readings. 

Room temperature, 27.7° C. ; temperature of cabinet, 45.0° C. (dry heat). 


Table III 

Effect of Inductotherm on Skin 


PART 



SKIN TEMPERATURE (°C) 



RIGHT 

LEFT 


RIGHT 

LEFT 

RIGHT* 

LEFT* 

Forehead 

31.5 

31.5 


33.4 

32.9 

+1.9 

+1.4 

Cheek 

31.5 

31.5 


33.4 

32.9 

+1.9 

+1.4 

Neck 

30.5 

31.5 


33.4 

33.4 

+2.9 

+1.9 

Chest 

32.0 

31.5 


32.4 

33.4 

+0.4 

+1.9 

Arm 

32.0 

32.0 


31.9 

33.9 

-0.1 

+1.9 

Forearm 

32.0 

32.0 


33.4 

33.9 

+1.4 

+1.9 

Finger 

31.0 

31.0 


32.9 

32.9- 

+1.9 

+1.9 

Abdomen 

32.0 

32.0 


32.4 

31.9 

+0.4 

-0.1 

Thigh 

31.0 

31.5 


32.4 

32.4 

+1.4 

+0.9 

Calf 

31.5 

31.5 


32.4 

31.9 

+0.9 

+0.4 

Ankle 

30.5 

30.0 


32.4 

31.9 

+1.9 

+1.9 

Mouth tem- 
perature 
Pulse 

Time (a.m.) 
Remarks 

36.66° C. 
98.0° F. 
92 

9:24 

Basal 


9:30 

In cabinet 
Indueto- 
therm 

38.0° C. 

100.4° F. 

120 

10:45 

Cabinet opened 




Obsei-vatiojis . — Sweating was profuse over the body except in the sympathecto- 
mized zone. At the end of experiment there was marked demarcation of flushing on 
the face. Flushing was absent on the left (sympathectomized) side of face and eai. 
and was marked on the right ear and right side of the face. 

♦Differences between first and last readings. 

Room temperature, 26.7° C. ; temperature of cabinet, 48.33° C. 



Olak E. I-Iyxdmax axd Julius Wolkin; Am. Heart J. 
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Fig. 1. — Ralph Met;., Experiment 3, demonstrating sweating and flushing on the 
right side of the face only ; the left ( sy mpathectomized ) side is dry and pale. 

This result, as far as flushing is concerned, was always obtained after unilateral 
cervicodorsal ganglionectoiny when the body was heated sufficiently to raise the cen- 
tral temperature, and even though sufficient atropine was administered to prevent 
sweating. 
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Experiment 5.— Dec. 5, 1939. Effect o£ induetotlierm.* Ralph McG., 131 days 
after operatioxi. (Table III.) 

Comment.—T^lxe temperatures of the middle Augers were equal at the begiuning 
and end of the experiment, and, on the whole, the temperatures did not rise as high 
as in Experiment 2, although the month temperature rose 2.4” E. The demarcation 
of Aushing on the face is given below Table III. (See Eig. 1.) 

Experiment 4.— Effect of atropine at room temperature. Ralph McG., 131 days 
after operation. 

Comment. — This was a control experiment, carried out at room temperature (78.0° 
F.). Atropine (gr. was injected hypodermically, and observations were recorded 
as in Tables I to III. For a period of an hour there was no rise in. skin tempera- 
ture and no Aushing of the face. The mouth temperature fell 0.3° F., and the aver- 
age fall in skin temperature was 1° C. The blood pressure remained constant, 
although the pulse rate rose from 96 to 116 beats per minute. 

Experiment 5. — ^Dec. 16, 1939. Effect of induetotlierm. Margaret B., aged 31 
years, one year after removal of the left inferior cervical and upper three dorsal 
ganglia (Table IV). 

Comment.~T\ie left middle Anger was 2.5° C. warmer than the right at the be- 
giiming of the experiment. The temperatures were equal at the end of the experi- 
ment; that of the right had risen 2.9° C. The mouth temperature rose 2.6° F. 
There was capillary Aushing of only the right side of the face, as noted below 
Table IV. 

Table IV 


Effect of iNDUCTOTHERit on Skin 


PART 

SKIN TEMPERATURE (°C) 

RIGHT 1 

LEFT 


RIGHT 

LEFT 

RIGHT* LEFT* 

Finger 

(middle) 

30.1 

32.0 


33.0 

33.0 

. . . 

+2.9 +0,4 

Mouth tem- 
perature 
Pulse 1 

B. P. 

Time (P.M.) 
Remarks 

37.2+ C. 

99.0° F. 

84 

106/70 

2:15 

Basal 

1 

1 

2:30 

In cabinet 
tndueto- 
therm 

1 38.7° C. 

1101.6° P. 

120 

110/70 

4:15 

Cabinet opened 



Observations . — ^The head, face, and teeth ached and throbbed at 3:30 p.M. only on 
the right side (operation had been done for atypical neuralgia on left). There was 
capillary flushing on the right side of the face; the left remained pale. The demarca- 
tion at the midline was definite. 

‘Differences between first and last readings. 

Room temperature, 26.7° C. ; temperature of cabinet, 46.7° C. 

Experiment 6.- — Feb. 3, 1940. Effect of induetotlierm and atropine. Mabel E., 
aged 23 years, 380 days after section of sensory roots C 8 to T 4, inclusive, on both 
sides, and 331 days after removal of the right inferior cervical and upper two dorsal 
ganglia (Table V). 

Comment. The right middle Anger was 6° warmer than the left at the beginning, 
and 1° warmer at the end, of the experiment; the temperature of the left rose 8°. 
The differences in the thumbs and palms were of the same magnitude. The mouth 
temperature rose 1.8 F. The Aushing response is described under Table V. 

The oxygen and carbon dioxide content of blood from the median basilic vein was 
determined with the patient resting at room temperature. (See Table n.) 

tha^it affec^tffhfenUrtbodT^ i«^“<=totherm mechanism Is so arranged 
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Table V 


Effect of Inductotherm Plus Atropine on Siqn 


PART 

SKIN TEMPERATURE (°C.) ' ' 

RIGHT 

LEIT 


RIGHT 

LEFT 

RIGHT* 

LEFT* 

Forehead 

32.9 

33.4 j 


32.4 

33.9 

-0.5 

+0.5 

Cheek 

32.9 

32.9 


33.4 

34.4 

+0.5 

+1.5 

Nose 

31.9 

31.9 


32.9 

33.4 

+1.0 

+1.5 

Ears 

32.9 

32.4 


32.4 

32.9 

-0.5 

+0.5 

Thumb 

33.4 

27.4 


36.4 

35.9 

+2.0 

+8.5 

Finger 

33.4 

27.4 


36.4 

35.4 

+2.0 

+8.0 

(middle) 








Mouth tern- 

37.0° C. 



38.0° C. 




perature 

98.6° F. 



100.4° F. 



Pulse 

88 



148 




B. P. 

114/70 


i 

110/62 




Time (p.m.) 

2:00 


2:05 

3:05 




Eemarks 

Basal 


In cabinet 

Cabinet opened I 




Atropine 








1 (1/75 gr.)H 







Observations . — The skin remained dry throughout the test. At the end of the ex- 
periment there was a distinct pink flush of the left side of the face, arm, and hand. 
The right side of the face, arm, and hand were pale. There was a definite line of 
demarcation on the face. 

•Differences between first and last readings. 

R.oom temperature, 27,2° C. ; temperature of cabinet, 46.7° C. 

Table VI 



OXYGEN 

CARBON DIOXIDE 


(VOL, %) 

(VOL. %) 


10.30 

49.7 


8.15 

50.9 


These results trould indicate a greater minute volume flow of blood in the warmer 
(denervated) right hand. 


Table VII 

Effect of Inductotherm Plus Atropine on Skin 


SKIN temperature (°C.) 


PART 

RIGHT 

LEFT 


right 

LEFT 



Forehead 

31.9 

32.4 


33.6 

34.1 

+1.7 


Cheek 

31.9 

31.9 


34.1 ■ 

34.6 

+2.2 


Nose 

30.9 

29.9 


32.1 

32.6 

+1.2 


Bars 

30.4 

30.4 


33.1 

33.1 

+2.7 

+2.7 

Thmnb 

29.4 

28.9 


35.6 

35.6 

+6.2 

+6.7 

Finger 

28.4 

27.9 


35.6 

35.6 

+7.2 

+7.7 

(middle) 

Ankle 

31.9 

31.4 


35.6 

36.1 

+3.7 

+4.7 

Toe 

32.9 

29.4 


37.1+ 

37.1+ 

+4.2+ 

+7.7+t 

Mouth tem- 
perature 
Pulse 

B. P. 

Time (p.m.) 
Remarks 

37.2° C. 

99.0° F. 

66 

204/140 

3:15 

Basal 

Atropine 
(gr. 1/75)H 

3:20 

In cabinet 

39.1° C. 

102.4° F. 

136 

170/130 

4:30 

Cabinet opened 




uusej’uaiioiis , — mere was nu iiusunig uii v**.©.*, -- -- -- 

a definite pink flush, compared to the pale right thigh, calf, and foot, b^^eall^g 
curred only on that part of the back in contact with linen. 

♦Differences between first and last readings. 
tFlgures off the instrument scale. 

Room temperature, 27.2° C. : temperature of cabinet, 48.3° C. 
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Experiment 7.— Feb. 5, 1940. Effect of inductotherm and atropine. Eline E., 
aged 39 years, 449 days after section of anterior and posterior roots T 1 to T 5, 
inclusive, on both sides, and 504 days after section of the splanchnic nerves and 
removal of the first and second lumbar ganglia on the right (Table VII). 

Comment. — The right large toe was 3.5° warmer than the left at the beginning 
of the experiment. The temperatures of both rose to 1° off the scale of the 
instrument but were roughly equal at the end. The mouth temperature rose 3.4° F. 
There was no flushing on the face, but the left thigh, calf, and foot showed a 
definite pink flush; the corresponding parts on the right remained pale. 

Experiment 8. — ^Feb. 4, 1940. Effect of inductotherm and atropine. Leah C., 
aged 33 years, 347 days after section of the anterior and posterior roots T 1 to T 5, 
inclusive, on both sides, and bilateral chordotomy, and sixteen days after removal 
of the stellate and first dorsal ganglia on the right (Table VIII). 

Tabee VIII 


Effect of Inductotherm Plus Atropine on Skin 


PART 

SKIN TEMPERATURE (°C.) 

RIGHT 1 

LEFT 1 


EIGHT 

LEFT 1 

EIGHT* 

LEFT* 

Forehead 

Cheek 

Nose 

Ears 

Finger 

(middle) 

34.6 

34.G 

34.6 

36.1 

34.6 

1 

■ 


35.2 

35.2 

35.2 

35.7 

1 37.7 

I 


+0.6 

+0.6 

+0,6 

-0.4 

+3.1 

I 

-0.4 

+0.6 

+0.1 

-0.4 

+4.6 

Mouth tem- 
perature 
Pulse 

B. P. 

Time (p.m.) 
Bemarks 

37.2° C. 1 

99.0° F. 

66 ' 
178/120 

3:05 

Basal 

3:25-3:30 

Atropine 

(gr- 

1/75): 

In cab- 
inet 

38.6° G. 1 

101.4° F. 

144 1 

130/90 

4:30 

Cabinet opened 



Ohservations . — There was a small amount of moisture on the palm of the left hand 
only. Otherwise, the skin was dry. The entire face remained pale, without flushing. 
There was not the slightest evidence of any difference on the two sides. There was a 
definite difference, however, in the hands and arms on the two sides. The left hand 
and arm were flushed, whereas the right remained pale. 

‘Difference between first and last readings. 

Room temperature. 26.0° C. ; temperature of cabinet, 48.3° C. 

Comment . — The chordotomy was bilateral at the level of T 3; a cataract knife 
was inserted straight into the cord just ' anterior to the dentate ligament. The 
sections were 3 mm. deep and 2.5 mm. wide. We do not feel that the chordotomy 
influenced sweating. In five such cases in which chordotomy was done we were 
unable to detect any change in thermoregulatorj' sweating or anything unusual 
about the skin temperatures after the heat test, unless, in this case, the difference 
in the temperature of tlie toes and ankles was caused by the chordotomy. 

Tlie right middle finger was 2° warmer than the left at the beginning, and 
0.5° warmer at the end of the e.xperiment; the temperature of the left rose 4 6° 
The mouth temperature rose 2.4° F. The interesting flushing response is described 
in Table Pill. 

DISCUSSION 

As was reported in a recent paper, ^ we have found that section of the 
anterior roots T 1 to T 5, inclusive, on both sides, practically abolishes 
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tliermoreg-ulatory sweating on the face. It may be diminished down 
to the level of T 2 or T 3, hut sweating is usually aliundant on the 
neck and normal on the upper extremities. After removal of the infe- 
rior cervical and upper two dorsal ganglia, sireating is abolislied on 
the ipsilateral side of the face, neck, and upper extremity, and the line 
of demarcation is sharp. We believe that the distribution of fibers to 
arterioles and capillaries closely agrees with the distribution to sweat 
glands. 

Substantial changes in skin temperature after ganglionectomy occur 
only on the hands, fingers, ankles, and toes and are most marked on 
the tips of the fingers and toes. Although it is sometimes stated that 
the ipsilateral side of the face is warmer in Horner’s syndrome, we 
have never been able to verify this and find that the ears, nose, and 
cheeks do not become relatively warmer after cervicodorsal ganglion- 
ectomy before or after time for postganglionic degeneration has 
elapsed, even though the relative warmth of tlie hand and fingers may 
be marked. 

The relative increase in the temperature of the hand and fingers 
after cervicodorsal ganglionectomy may vary from no change to a dif- 
ference of 5° or 6° C., and this is true either before or after degenera- 
tion has occurred. If the hand is ivarmer after ganglionectomy, it re- 
mains warmer than its mate (in the nonvasospastic subject). At least 
this has been true in our cases for as long as 1.5 years after operation. 
We have not encountered a single case in which the sympathectomized 
hand became colder in the absence of vasospastic disease. There was 
no significant relative change after operation in Ralph McGr. (Experi- 
ment 1). We have found that this is usually true in patients of his 
age (55 years), or older. After lumbar ganglionectomy, however, there 
has always been a relative rise in temperature of the toes, in our experi- 
ence. The change in temperature of the skin after sympathectomy is 
an indication not only of the flexibility of the arterioles, but of the 
degree of vasospasm imposed through the sympathetics. It appears that 
this control is diminished Avith age, and this may be more true of the 
upper than of the loiver extremities. 

In the eases- reported here, the maximum relathm difference in the 
temperature of the fingers after unilateral eervicodorsal ganglionectomy 
wms 6° C. (Mabel R., Experiment 6). The difference in the toes of 
Eline R. (Experiment 7) after lumbar ganglionectomy Avas 7° C. 

The skin temperature never became equal to the mouth temperature 
AAntli anj'- method of heating. Excepting the hands and feet, the skin 
temperature rises about as much as the mouth temperature. 

No matter AAdiat the difference Avas in the temperature of the fingers 
or toes on the tivo sides at the beginning, the Iavo sides AA^ere equal at 
the end of a heating expei’iment. LcAA-is and Pickering^^ stated that 
deneiwated skin rarely becomes as AAmrm as the normal side aaIicm heated. 
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and they attribute the failure of maximal dilatation to interruption of 
vasodilator fibers. Our results do not agree Avith this, and for a definite 
reason. Their subjects were placed in a heating cabinet Avith the hands 
outside. Hence they Avere measuring only the central thermoregulatory 
effect on the hands. The sympatheetomized hand Avould not be expected 
to Avarm under these conditions, at any rate not more than the rise in 
blood temperature. The hands of our subjects Avere in the heating 
cabinet, and hence Ave Avere measuring the first order, or peripheral 
action, of heat on the vessel itself. Kunkel, Stead, and Weiss^" found 
that local heat of 43° C. produces nearly complete vasodilatation in 
the skin. 

There are three different methods of studying a sympatheetomized 
hand and its reaction to a change in temperature: (1) The body may 
be subjected to a change in temperature in a cabinet Avitli the hands 
outside (2) the bod}' may be placed in a constant temperature cab- 
inet Avith the hands outside and the outside temperature changed 
(Aseroft^®) ; and (3) the entire body may be placed in a cabinet the 
temperature of AA'liich is changed (Hyndman and Wolkin,^'’ experiments 
herein reported) . In the first method one studies the third order reaction 
alone. LeAvis and Piekering^^ found that, under these circumstances, 
Avhen the environmental temperature of the body Avas changed, the skin 
temperature of the normal hand changed accordingly, that is, it in- 
creased Avhen the body Avas heated. The sympatheetomized Jiand, hoAV- 
ever, underAvent no change because its central sympathetic connections 
had been interrupted. 

In the second method one studies, in our opinion, essentially the first 
and second order reactions. 

In the third method one studies a combination of first, second, and 
third order reactions. We found, as demonstrated in this report, that, 
Avhen the entire body is heated Avith the hands inside the cabinet, the 
skin temperatures of the s5'mpathectomized and normal fingers finally 
alAA'ays become equal, no matter Avhat the difference may be at room 
temperature. In an investigation of the effect of severe cold, the re- 
sults of Avhich are to be publislied,’® Ave found that, AAhen the nude sub- 
ject Avas placed in a refrigerator at a temperature of 0° to 6° C., the 
temperature of the fingers on both sides declined markedly, but not 
quite as much on the sympatheetomized as on the normal side. 

The fact that the temperatures of the fingers on the tAvo sides AA'ere 
alAvays equal at the end of our heating tests Avould indicate that arte- 
riolar vasodilatation becomes maximal. After sAunpathectomy has pro- 
duced some dilatation of arterioles, the latter can be dilated still further 
by applying heat. 

If Ave let A represent the vasodilation, or, rather, the increase in 
skin temperature that results from only the local effect of heat on the 
vessel itself (first order reaction), then the fact may be expressed as 
folloAvs : 
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The relative increase in the temperature of a finger after sympa- 
thectomy plus A equals the increase in tlie temperature of tlie normal 
finger that results from centrally controlled (second and third order) 
vasodilation/^ plus A. This is true if the parts measured are subjected 
to the same external heat, and if this heat is sufficient to bring about 
maximal vasodilation. 


EVIDENCE FOR THE EXISTENCE OF CENTRALLY CONTROLI.ED CAPILLARY 

DILATOR FIBERS 


We refer to cnpillary dilator fibers because our conclusions depend 
upon a visible change due to capillary dilatation. Capillary dilatation 
may he only a part of a general vasomotor dilator mechanism. The 
evidence for the existence of an active vasodilator mechanism in gen- 
eral is summarized by Starling.^^ Stimulation of the cut end of the 
chorda tympani causes dilatation of the vessels in the submaxillary 
gland. Other dilator nerves are the small petrosal nerve to the parotid 
gland, the lingual nerve to the blood vessels of the tongue, and the 
pelvic visceral nerves to those of the penis. There are two anatomic 
differences between these examples and the skin dilators which we have 
observed. The cell bodies of the fibers in the former lie close to the 
structures which they innervate, as is generally the case with para- 
sympathetics, whereas no comparable cell bodies have been demonstrated 
in the skin. Secondly, fibers in the former ease leave in company with 
craniosacral nerves, whereas those to the skin vessels are strictly 
thoracolumbar. In the dog, dilatation of the vessels of the soft palate 
and gums can be produced by stimulation of the eeiAucal sjonpathetic 
of the same side, and these fibers may be homologous with those of the 
skin. Starling points out that vasodilator nerves can be demonstrated 
in mixed peripheral nerves, i.e., sciatic, by stimulating the peripheral 
cut end with repeated induction shocks at slow intervals, or by taking 
advantage of the apparent fact that the degeneration times of vaso- 
constrictors and vasodilators are unequal. 

Stimulation of the peripheral end of a sensory root causes dilatation 
of skin vessels in the distribution of the sensory nerve.“^ It is prob- 
ably because of this fact that thei’e has been a tendency to believe that 
the sympathetic vasodilators of the skin course with the posterior roots. 
We believe that this antidromic response, as demonstrated by Bayliss, 
operates in the same manner as does the axon reflex after the intra- 


*We do not wish to commit ourselves on what proportion of 
vasodilation is active and what proportion is accounted for by inhibition of vasocon 
striction. The conclusion which we should be forced to draw at present 
the temperatures are always equal on the two sides at the end of a heatinp e. P 
ment, there is no evidence of the existence of arteriolar vasodilator nerves. ^ we ca 
not quite correlate this conclusion with the results of Lewis and tamnera- 

patient’s hands are outside the heating- cabinet, and hence constant^' bosneon- 

ture, we mierht say that the symoathectomized hand exhibits a A’S* mai 

striction incident to room temperature and that thi.s first order ac"fvc 

hand is overcome by central reflexes. Is this inhibition of vasoconstnetio ./jjuid 
vasodilatation? It seems to us that, if it is considered to bo the former one w 
have to concede that it is central inhibition of a first order lasoconstrictio . 
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cutaneous injection of histamine.'' The phenomenon does not neeessaiily 
indicate that the sympathetic vasodilator nerves course in the posterior 
roots. The evidence that we have indicates that capillary dilator fibers 
course in the anterior roots. 

Crawford^® pointed out that the evidence for the existence of vaso- 
dilator nerves to the capillaries of the skin is mucli less certain tlian 
that for vasoconstrictor nerves to the capillaries. He quoted the 
investigators who believe that capillary vasodilators exist, and gave 
a good biiiliography relevant to the subject of capillary innervation. 
Craivford himself produced evidence to prove the existence of skin 
capillary vasoconstrictors. He observed the effects on the ear of the 
albino rabbit of artificially stimuating the cervical sympathetic nerves. 
The result was always contraction of the eapillar}^! 

Lewis and Landis^-* observed flushing limited to the normally in- 
nervated side, after unilateral eervicodorsal ganglioneetomy, when the 
patient was heated. They also observed that emotional blushing ivas 
limited to the normally innervated side in such cases. Thej’- concluded 
that emotional blushing required intact sympathetic nerves. They 
expressed doubt that heat flushing was caused only by an inhibition of 
vasoconstrictor tone. 

The evidence for the existence of active vasodilators to the skin and 
for the fact that they course in the anterior roots of the thoracolumbar 
division is drawn from the following observations. 

1. We observed that after unilateral eervicodorsal ganglioneetomy 
patients in the heat cabinet occasionally would exhibit a definite capil- 
lary flushing on the normal side of the face while the denervated side 
remained pale. The line of demarcation in the mid-sagittal plane was 
definite. We found that, if they were heated sufficiently or placed in 
the inductotherm with or without receiving atropine, the unilateral 
flushing would always appear. It might be argued that this phenomenon 
is caused by inhibition of vasoconstriction rather than active dilatation. 
If this were true, however, one would expect it (flushing on the 
operated side) to occur after ganglioneetomy. We have never observed 
any semblance of it, although we have watched for it. We have seen it 
in a mild form on the hands immediately after ganglioneetomy. Brown 
and Adson-® observed no color changes or demonstrable variations in 
the capillaries after lumbar ganglioneetomy on nonvasospastic patients. 


•We have studied the histamine reaction in many patients after preganglionic 
sympathectomy, after postganglionic sympathectomy before and after degeneration 
was conmiete, after extensive anterior rhizotomy and posterior rhizotomy, and the 

following operation, after complete transverse lesions of 
the cord, and after spinal anesthetics. We found normal flares and wheals in all of 
these cases. The only lesion we did not have was a completrdegeneration of a 
nera’e. It is known that the histamine reaction is absent after com- 
in itnn peripheral nerve, and hence the deduction that the phenomenon 

it conarms onlf the knSwn flcts"®®*^' reported this study because 

thoamtTsi^l^^^^^^ i”n^ fcVnrrilUt'-^ci"n V’! 

tlin't^the°'mfp*' r artificially stimulating sympathetic nerves. We have shonm 

that the integrated rwponse to severe heating (this paper) and to severe 
capillary dilatation. Transient blanching precedes dilatation in the latter case. ^ ^ 
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They stated: “There has not been evidence in any ease of this series 
at least with the methods available, to indicate that capillary dilatation 
follows interruption of the vasomotor nerves.” On one occasion the 
flushing was present on the normal side during ether anesthesia in one 
of our patients with a Horner's syndrome caused by Hodgkin’s disease. 
The pathologic side remained pale. 

2. After the injection of pilocarpine (gr. %), we observed this flush- 
ing on the denervated side in one case. It was mild, but definite. We 
do not have evidence that arterioles become sensitized to pilocarpine 
after ganglionectomy, and this phenomenon occurred in only one case. 
We do believe that in this instance tlie pilocarpine acted peripherally, 
that the capillaries were more sensitive on the denervated side, and 
that this caused the unilateral flushing. 

3. It may be argued that the flushing is due to release of acetylcholine 
in the tissues as a result of heating. The inhibition of sweat end plates 
by atropine would help to rule out the possibility that these were a 
source of acetylcholine, and, in addition, atropine should be able to 
neutralize any acetylcholine that might be liberated. 

It is recognized that, although small amounts of acetylcholine cause 
capillary dilatation, larger amounts may cause constriction. Hence it 
may be supposed that, after postganglionic fibers have degenerated, 
the capillaries become sensitized, so that an amount of acetylcholine 
which will cause dilatation on the normal side will cause constriction 
on the denervated side. "We feel that the results in the case of Leah C. 
(Experiment 8) refute this criticism and establish the phenomenon as 
one of centrally controlled capillary dilatation. In this case the 
anterior and posterior spinal roots from T 1 to T 5, inclusive, on both 
sides were severed. In addition to this, a ceiwicodorsal ganglionectomy 
was done later on the right. The sweat test demonstrated absence of 
sweating on the entire face and on the right upper extremity. There- 
fore, she had a preganglionic sympathectomy affecting the left side of 
the face, and a postganglionic sympathectomy affecting the right side of 
the face and right upper extremity. The inductotherm, plus atropine, 
caused no flushing whatever on the face, but the left hand was flushed 
and the right was pale. 

If this evidence for the existence of capillary vasodilatoi’s be accepted, 
do they course through the anterior roots, as do other efferent sj’^m- 
patheties, or do they reside in the posterior roots? We believe that the 
following evidence indicates that they are contained in the anteiioi 
and not in the posterior roots. 

Mabel R. (Experiment 6) had had the posterior roots, only, severed 
from C 8 to T 4, inclusive, on both sides. Later a cervicodorsal ganglion- 
ectomy was done on tin; right. The heating test brought out good flush- 
ing on the left side of the face and none on the right. 
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One patient who had the posterior roots severed from T 1 to T 10, 
inclusive, on both sides, showed marked flushing of tlie face, chest, and 
arms in the inductotherm while under the influence of atropine (flush- 
ing is not as evident below the chest unless the two sides differ for 
comparison) . 

It is of interest that one patient, after triple ligation of the left 
common carotid artery with silk, exhibited marked flushing on the face 
during the heat test (dry heat only), and that there was no difference 
on the two sides. 


EFFECT OF HEATING ON PULSE RATE AND BLOOD PRESSURE 

The pulse rate at the end of the heating experiment was markedly 
increased, often to twice its previous rate. The blood pressure was 
usually somewhat decreased, and especially so in eases of essential 
hypertension (Experiments 7 and 8). 


CONCLUSIONS 


1. The fingers and toes exhibit the greatest rise in temperature when 
the body is heated. 

2. After unilateral sympathectomy the skin temperature of the fingers 
or toes will be about equal on the two sides at the end of a heating 
’experiment of the type herein described, regardless of their previous 
difference, provided these parts w^ere contained in the heating cabinet. 

3. Therefore, a sj^mpathectomized arteriole of the skin is capable of 
dilating as a result of the effect of heat on the vessel itself. 

4. Capillary dilator fillers, which are probably a part of a general 
vasodilator mechanism, supply the vessels of the skin and are centrally 
controlled. These fibers course through the anterior roots of the thoraco- 
lumbar nerves, and thence through the sympathetic ganglia. 

5. Since sympathectomy results in a significant rise in skin temper- 
ature in only the carpal and pedal extremities, it is logical to deduce 
that, at room temperatures, the sjunpathetics do not have much of a 
constricting effect on the skin vessels except those of the hands and feet. 

6. Body temperature under ordinaiy and average conditions, so 
far as the skin is concerned, is no doubt maintained largely by re- 
sponses of the vessels themselves to external stimuli. The central mech- 
anism functions (a) as a governor over the peripheral mechanism, and 
hence manifests itself more strongly when the need is extreme, and 
(b) as a mechanism for utilizing or integrating the entire skin surface 
for heat conservation or dissipation when only a part is subjected to a' 
changing temperature. (These facts will be made more evident in 
subsequent resports. ) 
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SPINAL COED ISCHEMIA IN DISSECTING AOETIC ANEURYSM 

E. L. Tuohy, M.D., P. G. Boman, M.D., and George L. Berdez, M.D. 

Duluth, Minn. 


S UDDEN, severe, sustained chest pain, with or without radiation, is 
often caused Ijy coronarj’- disease. So well did Herrick^’ ■ impress 
this fact upon the profession that surgeons, as well as internists, at 
times overdiagnose coronary occlusion, and fail to consider other im- 
portant conditions with an overriding symptomatology. Hamman®’ * 
ably discussed these entities, including pex'icarditis, mediastinal emphy- 
sema, pulmonary embolism, and esophageal hiatus herniation, and he 
conspicuously mentioned aortic aneurysmal dissection. Most of his dis- 
cussion concerned the chest. 

The subject of dissecting aneurysm of the aorta is ivell covered in the 
literature. Crowell® ivrote a comprehensive review. Prom his culling 
of forty references one learns that the disease has been recognized for 
nearly a century and a half. CrowelUs material consisted chiefly of 
LeCount’s autopsy eases. A consideration of the anatomic observations, 
therefore, predominates. The article does not lack clinical influence, 
hoAvever, as this excerpt amplj'- testifies: “Very little attention has been 
paid to the interference with the circulation in the branches of the 
aorta caused by the splitting of the walls at the places where such 
branches have their mouths; and it may be safely assumed that the 
failure to recognize dissecting aneurysms of the aorta during life is at 
least in part due to failure to appreciate the fact tliat symptoms of this 
condition may be produced by interference witli the blood supply in 
these branches. Only a few of the reports examined refer to the amount 
of the circumference of the aorta dissected at different distances in its 
length, or to the location of such circumferential splitting.” It is evi- 
dent that this is still true and that more correct ante-mortem diagnoses 
would have been made if clinicians had been aware of this diagnostic fact. 

Holland and Bayley® have reported nineteen additional cases of dis- 
secting aneurysm. They reviewed with especial care the theories con- 
cerning the cause of the initial intimal tears and the ultimate circular 
and linear extensions. Their eases illustrate, as do ours, the decided 
tendency toward rupture into the pericardial cavity (eight cases), and 
into either the left pleural cavity (four cases) or the mediastinal tis- 
sues (four cases). In one instance there were dissection and hemor- 
rhage into both the left pleural cavity and the mediastinum. However, 
only in connection with Case 12 did the authors make any comment 
concerning neurological changes in the legs. The 38-year-old woman 
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“four days previously,” they stated, “had been seized with a sudden 
excruciating pain in the chest Avhich gradually extended to the toes 
Later there was impairment of motion in the lower extremities, Avhicli 
became numb and cold.” They mentioned further that thrombi were 
found in the pulmonic, splenic, and superior mesenteric arteries; and 
evidently enough heat was applied to the extremities to cause some 
damage to the skin. This might imply that the attendant suspected 
occlusion of the vessels supplying the legs ; this was not found at autopsy. 

Shennan’' was able to find in the literature only six bona fide cases 
in which the correct diagnosis was made during life. When Eogers® 
made his report, he was able to collect four additional cases in which 
the diagnosis had been made and added three of his own. Rogers’ 
article gave us our first appreciation of the relationship between aortic 
wall dissection and sensory changes or motor paralyses of the legs inci- 
dental to sudden interruption of an important portion of the collateral 
blood supply to the cord. This follows a pinching off or obliteration 
of segmental (intercostal and lumbar) arteries which arise from the 
descending and abdominal aorta. These important vessels bilatei'ally 
augment the vertebral arterial blood supply (coming down from above) 
through the pia mater of the cord.* 

We have chanced upon a series of these dissections, in which there 
were lower extremity symptoms, within a comparatively short period. 
We have asked ourselves, “Why is it that these signs have not been 
encountered before in eases of aortic wall dissection?” We have put this 
question to men who have had much experience with cardiovascular dis- 
ease. It seems to have been the rule to pay little attention to the lower 
portion of the body, perhaps because attention was focused upon an 
acutely ill patient afflicted with gripping and tearing pain who died 
shortly after he was first seen. Nevertheless, not all of these patients die 
immediately. Rogers reported one man who lived twenty-seven months. 
A woman whose aneurysm was correctly diagnosed by one of us (E. L. T.) 
during life lived just short of three months. Hirsehboeck and Roman® 
reported the ease of a man who survived for nearly four months after 
a crushing attack and an extensive dissection within the thorax; rup- 
ture into the left pleural cavity ultimately occurred. In Case 5 of 
Hamman’s series, the patient lived approximately sixteen months. Un- 
der many circumstances there must be sufficient time and opportunity 
not only to stud.y the lower portions of the body carefully, but in in- 
stances of earlier demise to tell the pathologist what is suspected. He 
may then go farther than “determine the cause of death,” and make 
a more careful examination of the aortic arterial branches which are 
interrupted at their ostia, as well as examine and appraise the degrees 
of damage or integrity of the cells of the spinal cord. 


♦Since the article by Rogers adequately outlines and explains th’® is 

since his deductions and experiences so fully coincide wth our own, we feel tna 
unnecessary to indulge in repetition. 
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We regret that there was no autopsy in one of our cases. We are 
reporting in detail one illustrative ease. The other reports are abridged. 
The comparative features are commented upon. 

Case 1. — A married man, aged 54, was emplo 3 ’ed as an engineer. Four daj's 
previous to entering St. Marj’’s Hospital, lie complained of a moderately se\eie 
pain in his lower back. This gradually progressed upward and into his che.st. He 
likened it to a pleuritic pain because it was increased on inspiration. At noon, 
on Feb. 5, 1940, after hanging a fairlj’ heavj' door, he had a feeling in the abdomen 
as if he should go to stool. He did so, but, in attempting to get up, found he 
could not use his legs. Fellow workmen assisted him into the ambulance and to the 
hospital. On the examining table in the emergency room he asked the intern in 
attendance, “Are nij' legs on the table or off?’’ No reflexes could be elicited, and 
sensation in his legs was gone. While he was being examined he had a severe, sud- 
den pain in the abdomen, and it was noted that he became both dj'spneic and 
cyanotic. However, he asked for and took a few puffs from a cigarette and felt 
somewhat better. After he had been taken to his room, he became fully conscious 
and with the abatement of his abdominal pain stated that, although he was aware 
of his legs, he felt as if thej’ were detached from his bodj’. Two hours later he com- 
plained of violent pain in the upper abdomen and in his chest. “He drew up his 
legs on his abdomen as if in extreme pain,’’ says the intern’s notes, “became 
dyspneic, pulseless, and died.’’ 

At necropsy* the heart weighed 610 Gm. There was abundant evidence of exten- 
sive arterial decay, associated with hypertensive disease. There W'as a separation of 
the coats of the aorta all the way from the aortic bifurcation to the base of the 
aorta. There was a slitlike tear! in the pericardium, producing an ultimate com- 
munication from the inside of the aorta, in its first portion, with the pericardial 
sac. The pericardium contained 250 c.c. of partially clotted blood. The inner 
aortic layers could be easily peeled off from the outer, and, especially in the ab- 
dominal aorta, there was extensive degeneration, with small intimal defects and 
some calcium deposit. 

This interesting item from the autopsy protocol is quoted because of the bearing 
it has upon whether the symptoms of paralysis in these cases are the result of 
ischemia of the spinal cord, or of direct ischemia of the limbs, such as that produced, 
for example, by a saddle embolus. “The aneurysmal dissection extends downward 
posteriorly and laterally. At a point just above the aortic bifurcation the intimal 
laj'er of the aorta is rolled up near a site of rupture, causing almost complete ob- 
struction of the hypogastric arteries. The intima of the hypogastric arteries is like- 
wise displaced, almost completely obstructing their lumina. ’ ’ 

COMMENT 

The question of the role played by vascular occlusion in the extrem- 
ities, relative to that of anoxia of the cord, is not likely to confuse any- 
one who has observed what happens when embolism, either of the main 
arteries of the leg or of the saddle type, causes obstruction at the bifur- 
cation. Despite the fact that a definite impediment to blood flow may 
exist, as in this case, the succession of events and sj’mptoms is decisively 

•The autopsies in our cases were done by Dr. George L. Berdez, pathologist at St 
Mary’s Hospital, Duluth. 

tThis is a very characteristic site of rupture, and means that there is a particular 
weakness in the aortic wall at that point, or that it is subject to peculiar hydrostatic 
trauma because of its position. In this case, as in others, there was considerable leak- 
age under the epicardium and the serosa of the aorta. The indirect opening into the 
pericardial sac, producing hemopericardium, is not infrequently located at some dis- 
tance from the rupture of the aorta itself. 
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and dynamically different. This man did not live long enough to show 
much change or “vacillation” in either his motor or sensory mani- 
festations. Nevertheless, he was totally unable to move his legs vTien 
he was brought to the hospital and had lost all sensation in his legs. 
Then, just prior to death, he was able not only to comment about per- 
verted sensation in his legs, but to draw them forcibly up against the 
abdomen. Unfortunately, the cord -was not examined at autopsy. Had 
it been, it is not likely that any gross change would have been found 
because of the relatively short period of ischemia. With respect to the 
collateral circulation to the cord direetlj'- from the aorta, we must not 
forget that it may change from hour to hour ; it depends not only upon 
mechanical obstruction, but degree of arterial spasm, as well. This 
physiologic propensity to spasm which accompanies trauma and pain 
in various portions of the body is now well understood. In this instance 
the dissection began within the abdomen, and this emphasizes the im- 
pression given by various authors that the initial break maj*' not he 
within the intima itself, but rather a leak from tiie vasa vasorum of 
degenerated tissues and vessels, where the dissection up and down sepa- 
rates the aortic layers before either internal or external rupture. 

Case 2. — ^Within six weeks of the above experience, one of us (P. G. B.) was 
called in consultation by Dr. J. W. Ekblad to see a delivery man, aged 40 years. 
He appeared previously to have been in good health. After a heavy, wet snow in 
March, 1940, he attempted to put chains on the rear wheels of liis truck. This was 
a difidcult task, and rather strenuous pulling and jerking were necessary. He was 
suddenly seized with a choking sensation and a pain in his tliroat, with radiation 
down his back of a "hot, searing character.'^ He rested for a few minutes, then 
walked about a block and climbed one flight of stairs to the doctor’s ofSce, where 
he collapsed. He was given a hypodermic injection of morphine and brought im- 
mediately to St. Mary’s Hospital. When he was examined about tw’O hours later, 
he had lost the sensation in both lower extremities and was unable to. use his legs. 
Associated with this was a loss of sensation, or numbness, w'hich began at a very 
definite level just above the umbilicus and involved all of the body below that 
point. On the following day (twenty-four hours after tlie onset), the patient stated 
that sensation was gradually returning in the abdomen and thighs and to a lesser 
degree in the left leg. The paralysis on the left side had almost completely dis- 
appeared and on the right side had very materially decreased. The blood pressure 
was normal. The reflexes rvere absent on the right side, but there was no change 
on the left. 

The clinical impression was that he had had a hemorrhage into the spinal cord, 
because of the very definite level at rvhich the sensory response rvas lost and because 
of the bilateral paralysis below that level. No detailed neurological examination 
was made. The man was in fair comfort for the next twenty-four hours, ■when he 
suddenly died. Before the autopsy one of us (E. L. T.) made the statement that, 
in view- of our previous experience, nothing but dissecting aneurysm could account 
for his symptoms and signs; and thus, ■\ve may' say that (belatedly) a correct 
diagnosis was made before the autopsy, if not before death. 

The autopsy- findings were almost the same as in Case 1. In this instance the 
heart weighed 400 Gm. ; the evidence of arterial degeneration -R-as not nearly so 
marked. Tlie dissection had extended just above the aortic valves and down to the 
bifurcation of the right iliac artery. The dissection -n-as more marked on the right 
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Ikun on tlic left side ; this ^Yas in keeping with the symptoms. A cross section of 
the right common iliac artery showed that the intimal layer was separated sufficiently 
to close the vessel almost completely. Tlie mouths of the intercostal and lumbar 
arteries on the right side of the aorta were torn partially or separated. The aneu- 
rysm had ruptured into the pericardial sac, which contained 700 c.c. of blood. 

COMJIEXT 

This man, ■who "was sixteen years younger than our first patient and 
showed much less evidence of hypertensive disease, nevertheless had 
arterial weakness which, under' great strain, was sufficient to cause rup- 
ture and death. From the standpoint of treatment, of course, the cor- 
rect diagnosis could not have been of any especial advantage to the 
victim. 

Case 3.— A divorced man, aged 73 years, was brought to St. Mary’s Hospital on 
Feb. 13, 1940. At S A.M. of that day he Iiad had a terrific pain in the lower back 
and, when he attempted to get up, could not stand on his legs. He entered the 
hospital at 2 P.M., complaining of a sense of pressure all over the lonei abdomen, 
and pain in his back. At 9 p.m. he had an attack which lasted about an lioiii, nitli 
moderate dyspnea and some C 3 ’anosis. Morphine gave relief. During the next two 
daj’S, and while he was quiet in bed, there was persistent numbness in his legs; lie 
was unable to void and had to be catheterized. On Feb. 17, 1940, the left leg was 
still numb and was moved with difficult j' ; the right leg could be drawn up, but it 
did not feel natural. 

One of us (E. L. T.) was called in consultation on Feb. 18, 1940, by Dr. C. E. 
Vercellini, who had been attending tlie man for several years. In the jirevious history 
there was nothing eventful. Although his blood pressure had varied from time to 
time, it lield an average level of about KiO/lOO. Several blood 'Wassermann reactions 
had been negative. The patient seemed to bo comfortable but had a dusky^ color. 
There was a good pulse in the dorsalis pedis on both sides. Although he could draw 
his legs up, he stated that they felt very heavj', and he had little desire to attempt 
to use them in standing. He spoke of little pain, but mentioned feeling “as though 
there were a covering over the skin.” There were no cardiac abnormalities. Since 
we liad presented the post-mortem observations in our Case 1 at our weekly clinico- 
pathologic conference, Dr. Vercellini had made a provisional diagnosis of dissecting 
aortic aneurj-sm. The future course was fullj' in keeping mth that diagnosis. 

On the morning of February 21 (eight days after entering the hospital), he ap- 
peared tired and depressed and complained of a sense of oppression within the chest. 
At noon the intern was called because the patient had suddenlj’’ become cyanotic and 
pulseless. He died within a few minutes. 


COJIAIENT 

We were denied an antopsy, and the diagnostic impression of aortic 
aneiU3'sinal dissection rests chieflj’’ upon tlie sudden abdominal pain, 
with loss of motion and feeling in the legs, upon the gi’adual improve- 
ment and beginning rehabilitation that followed, and npoii the sudden 
demise that maj* well have been caused bj* cardiac tampoiiage. 

Case 4.— One of us (G. L. B.) performed an autopsy upon a man, aged 78 years. 
Fig. 1 shows a line of automobiles, with one on the wrong side of the road The 
blot of oil indicates tl>e force of the collision. The <lriver of the car on the proper 




This was a case of immediate, sudden death. The autopsy showed “fiactures 
of all the ribs from the first to the seventh on tlie left side, and of tlie costal 
cartilages of the second, third, seventh, and eighth ribs on the same side. There 
was no hemorrhage whatever at the site of the fracture. There was also a fracture 
of the tibia on both sides, likewise without hemorrhage.” He died of "rupture of 
the upper thoracic aorta and beginning dissecting aneurj^sm. There was extensive 
hemorrhage into the posterior mediastinum and an accumulation of 200 c.c. of blood 
in the left pleural cavitj*.” 
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COMMENT 

Without a necropsy, or the collateral evidence of the ear wandering 
across to the opposite traffic lane, this deatli would have been attributed 
to the crushing chest injuiy, although, as a matter of fact, the man 
was dead from aortic rupture and mediastinal hemorrhage before the 
cars collided. 

Case 5.— One of us (E. L. T.) correctly diagnosed, before death, a previously un- 
reported instance of aortic wall dissection in a woman, aged 67 years. ■ She died 
May 29, 1933. She had been treated for several years for hypertensive disease. Two 
and one-Iialf months prior to death she entered St. Mary’s Hospital with an acute, 
sudden, crushing pain in the chest which was attributed at the time of onset to 
coronary thrombosis. However, she developed two signs wdiich were incompatible 
wit!i uaeamplicated coronary thrombosis. After a few days a diastolic murmur 
appeared at the aortic area. This most certainly had not been there before. It was 
noticed also that a pulsating tumor developed in the upper abdomen, just above 
the navel. A careful review of the old chart fails to reveal any comment about leg 
symptoms, except the statement that on entering the hospital she was unable to walk. 

The autopsy disclosed the same sort of extensive dissection as in Cases 1 and 2. 
She had the customary break through the first portion of the aorta within the 
pericardial reflection. There were 350 c.c. of unclotted blood in the pericardial 
cavity. The dissection extended downward into the iliacs. Old dots in the outer 
channel formed the bulge where the upper abdominal tumor had been palpated. The 
aortic valves and- ring were intact. 


COMMENT 


When chest and upper abdominal sjrmptoms predominate, a sud- 
denly appearing diastolic murmur is as diagnostic of supraortic ring 
dissection as “wandering” paralyses and anesthesia in the leg.s are of 
lower aortic wall dissection. Galbraith and Hardwick’® discussed this 
feature fully in an excellent case report. They mentioned the reports 
and opinions of Hamniaii and Apperl3^, as well as tlmse of Eesnik and 
Keefer,” and favored the latter’s explanation and that attributed to 
Letulle’*’; namely, that “the signs can be accounted for by the ebb and 
flow from the aorta into the aneurysmal pouch.” This implies, and is 
in keeping with our inference, that the ultimate pericardial sac flood- 
ing is a terminal event. 

The question remains whether thoracic aortic wall dissection could 
interfere with either brain or cervical cord circulation sufficiently to 
cause interruption of nerve impulses to the face or the upper extrem- 
ities. On theoretical grounds it Avould appear unlikely that such inter- 
ruptions could easily produce .simiptoms comparable to those whicli 
occur in the legs. AVitli the exception of certain embolic plienomena, 
vascular accidents in the upper area rarely are seen. However, our 
most recent experience is ]n-e.sented for wliat it may be worth. 


Case 0.— A widow, aged S2 years, died suddenly on April 22, 1.040. One of u.s 
(P. G. B.) had attended her at his office and at her lionie over a period of twelve 
years. Her biood pressure had ranged well above 200/120 for about five years. She 
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sliowed unmistakable evidence of cerebral arteriosclerosis. She developed food 
idiosyncrasies and complained of obstipation. On the morning of the day she died 
she complained, after straining at stool, of some fleeting dizziness. This passed olT 
but she remained quite weak and drowsy and slept several hours during tlie dav. 
In the late afternoon the daughter noticed that she had difiiculty with her speecli 
and there appeared to be a weakness or paralysis of the right side of the face. 
This lasted for only about an hour, at which time the patient felt better and seemed 
to be recovering. The family left her for a short time during dinner, and, when they 
returned, she was dead. 

Autopsy revealed advanced arteriosclerotic changes within the aorta, and there 
rvas a moderate-sized aneurysm of the left common iliac artery. An aneurysmal di.s- 
section was beginning just above the aortic ring, ndth the same type of opening 
into the pericardial sac as in the other cases. The pericardium contained S40 c.c. 
of blood, and there was a bilateral hydrothorax. 

COMMENT 

It is doubtful whetlier anjdhing ivliieli happened to this woman should 
be attributed to a neurological lesion incidental to this particular dis- 
section. Any lay person is well enough cpialified to judge of speech 
difficulties, but lay ideas about facial paral.ysis are very prone to he 
faulty. Nevertheless, this experience is at least suggestive. The autopsy 
protocol states: “A dissecting aneurysm of the aorta extends uii to the 
horizontal part of the arch of the aorta.” As pointed out by Crowell, 
there is need for more careful measurement of the mouths of the greater 
and lesser arteries which come off where aneurysmal dissection begins. 
Partial or complete closure of the great vessels to the head could pro- 
duce cerebral ischemia readily. 


SUM MARA' AND CONCLUSIONS 

1. Six cases of dissecting aortic aneuiysm are reported, in five of 
Avhieh the diagnosis was confirmed at autopsy. In tivo instances it was 
possible to make a correct diagno.sis before autopsy. 

2. Wandering paralysis and vacillating sensory disturbances below 
the level of the umbilicus are stressed as very important diagnostic signs. 

3. Spinal cord ischemia caused by interruption of an important 
source of blood .supply directly from the aorta is discussed. 


ADDENDUM 

Among the articles which haim appeared since this paper Avas sub- 
mitted for publication, the following from the Massachusetts Geneial 
HospitaP^ deserves comment. 

A 57-year-old woman with hypertension, four hours after sensation 
of smothering, showed ‘ ‘ a gTadually increasing pain and tingling in hei 
right leg, soon followed b,v numbness, coldness, and paralysis of this 
extremity. ’ ’ There was ‘ ‘ transient tingling in the right foot. ' ' Surgical 
search for an embolus in the .subpoupart portion of the right femoral 
arterv was unsucee.ssful. The divided femoral A'cin bled f reel a fiom 
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above. At necropsy, aneurysmal dissection of the same tj’^pe ive have 
described was found to extend from a few centimeters above the aortic 
ring to the right external iliac, and 5 cm. above Poupart s ligament, 
where a fold of the intimal surfaces such as we have observed seemed to 
occlude the lumen. 

The discussion by the clinicians failed to mention tlie paralytic symp- 
toms, and they did not comment on the fact that ‘ ' Two and a half hours 
after admission the patient could move her ankle but not the toes.’' We 
infer that the neurogenic factor was not considered. 

Toomey^^ has recently discussed the "segmental” character of the 
paretic and paraljdic phenomena in poliomyelitis. His observations 
help explain both the vacillation and degree of tlie paralysis ivhich ive 
are discussing. He says, "Fibres from several segments run from the 
cord to several muscles in the periphery often in one large nerve.” Thus 
lie explains whj^ there will lie especial selectivity in the muscle groups 
afflicted; some from the same nerve will remain intact. The same factor 
seems to obtain in the segmental nutritional failure after aortic wall dis- 
section. 
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THE EFFECT OF CHRONIC CARDIAC COMPRESSION ON 
THE SIZE OF THE HEART MUSCLE FIBERS 


Joseph T. Roberts, M.D., Ph.D.,^- and Claude S. Beck, M.D., 

Cleveland, Ohio 

INTRODUCTION 

C ONSIDERABLE confusion exists concerning the status of the lieart 
in the compression disorders (Pick’s disease, constrictive peri- 
carditis). Is the compressed heart of normal size, is it smaller than 
normal, or is it larger than normal? Is the pull upon adhesions a 
factor in producing failure of the heart? Should tlie pectoral muscle 
and bony precordium be removed as a separate and distinct part of the 
operation for the cure of Pick’s disease? Such a prominent surgeon as 
Schmieden^ recommended removal of the pectoral muscle and the bony 
precordium, together Avith excision of the adherent scar. Schmieden’s 
view Avas supported by Sauerbruch,^ Winkelbauer,® 'Westermann,'^ Vol- 
hard,° and Fischer.® Throughout the literature on this subject it is 
stated that adliesions disturb the circulation. To relieve the ill effects of 
adhesions to the diaphragm, Payne, Sauerbrueh, Fischer, and Schmieden 
recommend that the diaphragm be paralyzed by cutting the phrenic 
nerve. As a result of experimental studies, Ochsner and Herrmann^ 
and Herrmann and Musser® concluded that adhesive pericarditis em- 
barrassed the heart. According to these investigators, adhesions produce 
enlargement and hypertrophy of the heart. The terms used to designate 
these disorders — Pick’s disease, Concato’s disease, adhesive pericarditis, 
constrictive pericarditis — do not add clarity to tlie subject. This is 
readily apparent in discussions on diagnosis. It Avould appear that Ave 
are dealing Avitli tAA'o factors Avhicli produce circulatoiy failure, namely, 
compression and a pull on adhesions. 

The Pick s;smdrome Avas produced experimentally for the first time by 
Beck,® in 1928. The dcA^elopment of the syndrome Avas incidental to a 
study of the action of a surgical solution of chlorinated soda (Dakin’s 
solution) in the pericardial cavity. The study AAms undertaken to 
ascertain Avhether or not this solution could be used safely in the treat- 
ment of purulent pericarditis. After it Avas noted that cardiac adhe- 
sions and ascites folloAved the apiJication of this .solution to the peri- 
cardial cavity, it became a])parent that a method A\'as at hand to produce 
the Pick syndrome in animals. Beck and GrisAVold,’® using this method. 
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carried out a study in wiiieh two observations of some importance to 
our subject and not in tlie lilcrature at tliat lime were made. One 
was that the Pick syndrome could be jiroduced ivitlioul, any cardiac 
adhesions. The other was that, when the Pick .syndrome developed, the 
heart became smaller than normal and that, when the jicricardial sear 
was excised, the heart subsequently became of normal size. These 
measurements were made on standardized roentgenograms of the 
heart. The scar around the heart adds a certain amount to the 
roentgenographic shadow, and it is .sometimes impossible lo ascertain 
the size of the heart with any degree of pi’eeision because one cannot tell 
what part is sear and what part is heart. Because of this it is stated bi" 
sevei'al authors that the heart in this disorder can be small, normal, or 
large. In an anatysis of the roentgenograms of twenty-six of our 
patients with compression caused by sears, Freedman” found that the 
eardioperieardial shadow was normal in size or smaller than normal in 
eighteen cases, moderately enlarged in six, and greatly enlarged in two. 
The heart shadow and the eardioperieardial shadow in this disease are 
not the same thing. It may be difficult or impossible lo ascertain the 
exact weights of the hearts of patients who die from pericardial disease 
because the sear must be dissected from the heart before the organ 
is weighed. We know of no data on this subject, and a ratio between 
heart weight and body weight cannot be given. Even if such data were 
available, the patient’s edema would disturb the ratio. 

Fortunately the presence of atrophy or hy])ertrophy of the heart 
can be established by measurements of individual muscle fibers without 
knowing the exact weight of the heart. There is a perfect, positive, 
.straight-line correlation between the size of the heart and the diameter 
of the fibers. This exact correlation (correlation coefficient == plus 
0.872 [+ 0.019]) was discovered by Koberts and Wcarn” in a recent 
study of the capillary supply of the human heart during hypertrophy 
and growth. A similar study , was carried out on rabbits by Shipley, 
Shipley, and Wearn.” The method of these ivorkers was used in the 
investigation reported here. 


jMEASUREMENTS 


Five human hearts were available for study. Each of the patients 
from whom the specimens were obtained had"^ had a severe degree of 
cardiac failure, presumably as a result of pericardial disease. In each 
case the heart was everywhere adherent to the pericardium. The peri- 
cardium was thickened, and was adherent to the diaphragm, pleurae 
and chest wall. ^ These patients died after removal of the scar. The 
heart weights given are those which ivere obtained after careful re- 
section of the scarred pericardium (Table I). 


Four sections were taken from various regions of the right and left 
ventncles of each heart, and 100 adjacent flhort were meaettd in eal 
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section. Two diameters of each tran.sver.sely ent filler were measured 
witli a calibrated ocular micrometer. In Fig'. 1 the small muscle fibers 
of a compressed liuman lieart are contrasted with tlie fibers of a 
normal and a hypertrophied heai*t. The mean fi])er diameters in tlie 
five human hearts were 8.1, 8.9, 10.1, 11.2, and 11.2 microns. The 
average of the five mean measurements was 9.9 microns. In a study 
of twenty-six adult, normal, human hearts Roberts and Wearn^^ found 
that the average mean fiber diameter was 13.9 (± 0.18) microns. The 
methods of measurement were the same in both studies. It can be 
seen that the largest fiber diameter in the group of five hearts from 
cases of pericardial disease and cardiac failure was le.ss than the average 
normal. The average reduction in fiber diameter in the group of 
compressed hearts was 27.2 per cent of the normal value. The mean 
fiber diameter and the heart weights in these five eases of pericardial 
compression are plotted against each other in Fig. 2. This is a repro- 
duction of the graph showing a positive correlation between heart weight 
and fiber diameter in children’s and adults’ hearts, taken from the 
paper of Roberts and Wearn,^^ with the addition of these five compressed 
hearts.^ 

Table I 


CASE 

FIBER 

DIAMETER 

(m) 

HEART 

AVEIGHT 

(GM.) 

HEART AVEIGHT: 

BODY AVEIGHT 

Hvman 

1 

8.1 

175 

0.00530 

2 

8.9 

210 

0.00295 

?, 

10.1 

300 

0.00465 

4 

11.2 

240 

0.00381 

5 

11.2 

280 

0.00538 

Av. 

9.9 

253 

0.00442 

Xormal (Roberts and tVearn) 

13.9 (±0.18) 

1 311 (±7.42) 

0.00543 


Dog 


1 


80 

0.00666 

9 


75 

0.00577 

o 
• ) 


84 

0.00600 

Av. 

12.9 

80 

0.00614 

Xormal (Moan of 6) 

1.S.5 

128 

0.00827 


An experimental .study was made on eleven dogs. Constricting bands 
of linen la]:)e were placed around the heail on the outside of the parietal 
pericardiiim. In several experiments the tapes Avere tightened at 
rei)eated operations at intervals of several months. In three of 
the experiments severe circulatoi-y failure developed sloAvly over a 
period of about a year. The signs of circulatory failure consisted of 
ascites, high. pre.s.sure in the jugular A’eins, subcutaneous edema, en- 
largement and frosting of the livei’, distant heart sounds, and reduction 

•In tlio pniph tho.se flve coinpres.sed hearts are seen to fall -well below the probable 
error of v.-iUie.s for he.art weiglit as predicted from the regression line (middle line) 
correlating heart weight .and fiber diameter; this line, determined by Roberts and 
AVe.arn, hiis the formula: Fiber diameter ± 1.51 g = 8.22 + (0.0in9 X heart weight). 
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A. 


D. 


C. 


iriir 1 . piiotomicrograplis of transversely sectioned, adult, liuman, cardiac 

fibers^' A, Normal : H, compressed lieart of adliesive iicricarditis ; C, hypertrophied 
heart’ of syphilitic aortic insufficiency (X500). 



Heart weie^ht in, grams 


Fig. 2. — Chart correlating the heart weight and fiber diameter (Iiuman). The five 
hearts which had been chronically compressed by pericardial adhesions were smallei' 
and had smaller fibers than the normal hearts studied bv Roberts and Wcarn.'- The 
middle line is the repression line for fiber diameter from' heart weight, and tlie upi cr 
and lower lines represent the range of the probable error for predicted values, as de- 
termined for the other noncompressed hearts shown here. 
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in the amplitude of the pulsations of the heart. Wiien these animals 
were saerificed, the tapes were found to be eompre.ssing the ventricles. 
Adhesions to the pleurae and media.stinum obscured the tapes. There 
were also some adhesions between the heart and parietal pericardium. 
The mean fiber diameters in tliese three dog hearts were 11.8, 12.6, and 
14.5 microns. The average was 12.9 microns. A similar study on six 
normal, adult, dog hearts showed that the mean diameter was 18.5 
microns. According to these measurements, the fiber diameter was 
reduced by about 30 per cent of the normal value. Table I summarizes 
the results of the study. 

In both the human hearts and the experimental specimens there was 
a marked tendency toward uniformity in the size of the small fibers. 
This is in agreement Avith the observations of Karsner, Saphir, and 
Todd,^^ who found that in the cardiac atrophy of chronic wasting disease 
the variability in fiber size Avhich is characteristic of the normal heart 
is replaced by a uniform diminution in the size of the larger fibers. Also, 
the small fibers tended to be circular in cross section, rather than 
somewhat elliptical. 

COMMENT 

Each heart in which the fiber diameters were measured was com- 
pressed over a period of months or years. Adhesions betAveen the heart 
and pericardium and betAveen the pericardium and diaphragm, pleurae, 
and chest Avail AA'^ere present. Ea’^ciw specimen shoAved atrophy of the 
muscle fibers, and none shoAved hypertrophy of the muscle fibers. The 
presence of atrophy and the absence of hypertrophy in the individual 
muscle fibers signifies the presence of atrophy and the absence of hyper- 
trophy in the entire heart. It appears, then, that cardiac compre.ssion 
produces cardiac atrophy and that adhesions do .not produce hyper- 
trophy of the compressed heart. According to the observations of 
Hosier and Williams,^® adhesions do not produce hypertrophy of the 
heart in the absence of Amhuilar disease or hypertension, either in 
experimental animals or in human beings. 

If the results of this study can be applied to compressed hearts in 
general, Ave can say that adhesions that do not compress the heart 
can be disregarded as a possible cause of failure in cases of eompi’ession. 
We can say also that there is no indication for remoAung the bony 
preeordium or for paralyzing the diaphragm in the surgical treatment 
of this condition. That this conclusion is correct is demonstrated by the 
results of operations on patients AAnth compression. Thirty-seA^en 
patients were operated upon by Beck. These patients had cardiac 
compression, together AAuth adhesions to the chest AA^all, diaphi’agm, 
pleurae, pericardium, and heart. The compression scar Avas dissected 
from the heart and excised. As little of the bonj^ preeordium AA^as 
removed as possible. The pectoral muscle Avas not removed, and the 
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diaphragm was not paralyzed. Of the.sc thirty-seven patients, twenty- 
five were completely free from ascites after the operation and may he 
regarded as cured. Two additional patients were improved, and seven 
died. Of the two patients who were only improved, one had invasion 
of the myocardium by the scar, so that the heart was the seat of both 
extrinsic and intrinsic disease, and a complete eure could not be 
expected. The other had reformation of calcium deposits around and 
in the myocardium. Of the seven patients wlio died, three had active 
■;ul)ereulosis of the pleurae and mediastinum, one had an epicardial 
scar, plus bloody fluid, and died of infection, two died of heart failure 
caused by acute dilatation of the atrophic heart, and one died of 
ventricular fibrillation during the operation. It is obvious that remov- 
ing part of the chest Avail and paralyzing the diaphragm could not 
improve these results. 

That the compressed heart undergoes afro]ihy of disuse AA^as 
demonstrated by the clinical course of many of these patients. In 
every instance the heart dilated as the scar Avas remoA^ed. In CAmry 
instance the circulation shoAved immediate improvement. Not infre- 
quently, hoAA^ever, some of the improvement Avas lost after a day or tAA'O. 
The subsequent improvement in many eases Avas gradual, extending 
over a period of Aveeks or months. This delay occurs, Ave tliink, be- 
cause the reeoA^ery from the atrophy of disuse suffered by the heart 
muscle is gradual. One AAmuId expect the heart muscle to require as 
much time as skeletal muscle to recover from an atrophic state. 

CONCLUSIONS 

1. In a series of human and dog hearts that Avere chronically com- 
pressed, the muscle fibers Avere smaller than normal in each instance. 

2. In the presence of cardiac compression there is no eAddence to 
indicate that adhesions play any role in producing circulatory failure, 
and there is no evidence to justify operation on the bony preeordium, 
pectoral muscle, or phrenic nerve of patients Avith adherent and com- 
pressed hearts. 

3. The compressed heart undergoes atrophy of disuse. 
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EKEORS IN MEASUREMENT OF THE P-R (P-Q) INTERVAL 
AND QRS DURATION IN THE ELECTROCARDIOGRAM 

Paul D. White, M.D., G. Edward Leach, M.D., and 
Stephen A. Foote, M.D. 

Boston, Mass. 

I N THE fall of 1938, two iutere.sting- eases whicli were eneonnlerccl 
within a brief period of time called our attention to a eoninion and 
significant error in the measurement of the P-R (P-Q) interval of the 
electrocardiogram that has as yet escaped notice in the literature exce])t 
for a brief preliminaiw reference published b.y us in the Transactions 
of the American Society for Clinical Investigation for 1939.^ Puller 
details and a further study of this problem are irresented herewith. 

It has been long I'ecognized that the P-R interval and QRS duration 
are not always uniform throughout all leads of the electrocardiogram. 
In any given instance it is known that not all leads arc ecpially favorable 
for recording the various deflections. Tlie P waves are often poorly 
marked in Leads I and III, and the QRS complexes, particularly in 
Lead III, are subject to considerable variation in form. Lead II, which 
represents the algebraic sum of Leads I and III, usually has well- 
marked deflections, and it has been used most often for measurements of 
the time intervals. 

Possible reasons for a variation in time intervals have been inade- 
quately studied, and in books on eleetroeardiography one finds little 
definite reference to methods of measuring these intervals. j\Iany books 
do not discuss the matter at all, except to state that the P-R interval 
is that portion of the tracing from the beginning of the P Avave to the 
beginning of the QRS complex. In most cases there is no statement 
I’egarding lack of uniformity in different leads. Vaquez and LaidlaAV" 
do not say hoAv the P-R interval should be measured, but give the 
normal duration as 0.15 to 0.18 second. LeAvis" say.s that the measure- 
ment should be made from the beginning of P to the beginning of the 
ventricular complex, and that, as a rule, R is chosen for the sake of 
uniformity, but Q may be used if it is thought desirable. Carter^ 
recommends measuring from the beginning of the P Avave to the begin- 
ning of the first deflection of the QRS, Avhether the latter is an upstroke 
or a doAAmstroke. He further states that all measurements of complexes 
should be made in the lead in AAdiich they are longest, AAdiicli is usuallA’" 
Lead II, but that sometimes Lead I or Lead III gives information not 
available elseAvhere. Pardee® also mentions the variation in the recording 
of P and QRS, but states that the longest P-R intei'val in any lead 
Avill be the most nearly correct one. Ashman and HulF say that the QRS 
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should be measured in the lead in Avhieh it is widest. They do not, 
however, discuss the mechanism of. its variation. 

It had been our practice in the routine reading of electrocardiograms 
to accept the longest intervals for P-R and QES as the correct ones in 
any given record, .The two eases already referred to in the fii’st para- 
graph of this paper indicated, hoAvever, the need for further study and 
standardization of measurements in electrocardiography. The first 
patient, a health}^ man, aged 52 years, had applied for insurance and 
showed no abnormalities on examination except for a P-R interval of 

0. 21 second in Lead II. Upon close scrutiny it was apparent that the 
P-R intervals in Leads I and III were both 0.18 second. There was 
a small Q wave in Lead I and a small R wave in Lead III which just 
balanced each other in Lead II to make the first part of the QRS com- 
plex isoelectric, thus adding 0.03 second to the P-R interval and shorten- 
ing the QRS complex by the same amount in Lead II. It was obvious 
in this case that Lead II was unfavorable for measurement of both 
P-R interval and QRS duration, and also that the longest P-R interval 
was not the correct one. 

A few days later a second case was encountered; this patient was a 
woman, aged 55 years, Avith lower chest pain, gaseous distention, and 
nausea, who Avas suspected of liaAung coronary disease, despite a negative 
physical examination, because she had a P-R interval of 0.21 second in 
Lead II. Scrutiny of Leads I and III, hoAvevcr, disclosed, as in the first 
ease, P-R interAmls Avithin normal limits (0.18 second), Avith Qi balanc- 
ing, and so neutralizing, R 3 (Pig. 1). 

Because these tAAm cases seemed to refute accepted opinions, our 
interest Avas aroused concerning the nature of Tariations in other 
cases, and in establishing, if possible, criteria for the correct measure- 
ment of P-R interval and QRS duration. Records similar to the first 
tAvo Avere soon found in the coiu’se of routine Avork in the laboratory, 
and simultaneous leads Avere taken in such cases to ascertain definitely 
the time relationship of the deflections in the various leads. Accurate 
measurements made Avith the Lucas comparator confirmed the first im- 
pression in these cases, and since the point of Amriation in the Amine 
of P-R intervals and QRS durations Avas not ahvays the same in each 
ease, a measurement of the P-S duration AAms instituted as a further 
aid. Its value Avill be illustrated later. 

It Avas soon apparent that there are several Avays in Avhich the time 
intervals may Amrj'- in the different leads. The balancing of Qi and Rg 
in cases of left axis deAuation (Pig. 1) is a common tj^pe. In cases of 
right axis deAuation the reAmrse occurs, that is, balancing of Ri and Q.g 
(Pig. 2). Apparent shortening of the P-R inteiwal, especially in Lead 

1, occurs because of the isoelectric beginning of the P AAmve (Pig. 3), 
but is of little importance, per se, because it does not influence the other 
leads. Shortening of the QRS interval alone results in Lead II through 





^ 1 . n. 

Fifr. 1. — A, Iloutino Loiuls I, II, HI. iiinl IV. Jl. .‘'inmltimoous rocord.'! of Uoiuls I 
and II above, and of I.,cads 11 and III below. The sniiill Xii ami Us mnitrallze eaidi 
' other, to make the .“start of QUSs l.®oeIecfrlc. P-Us l» longer and QUt:?; .«horlor than th<^ 
corresponding interval.s in Uoad.s I and III. P-Ui = 0.1 S .«ec. P-U: = O.iJl .see. 
P-Ks = O.IS sec. Time = 0.2 and 0.1 sc<i. In this !\ml in tin; followlnK lltrnro.s. 




1' ig. 2. — Routine Load.s I. II, and III 
,an isoelectric beginning of QR.S:. P-R, = 
Corre.sponding decrease in widtii of QRS- 



producc.s 
0.21 .sec. 
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balancing of the S j)]ia.se.s i]i Loads I and ITI, producing an isoelectric 
ending of QRS 2 (Figs. 4 and 5). II is .seen in Figs. 4 and b that 
abnormal widening of the QRS waves would be ovcM’loolccd if only 
Lead II were considered for measurement of the QRS, because the 
QRS duration is narrowed by i.soeleelrie phases at both beginning and 
end. Fig. 6 illustrales the value of the P-S measurement. The QRS 
durations are different in all three of the standard leads, and the P-R 
interval in Lead I is shortened. The true P-R interval, as judged by 
the longe.st P-S duration minus the longest QRS duration, diffei-s from 
all of the P-R intervals obtained by direct measurement. Apiiai’cntly 
QRS in Lead II is narrowed by an isoelecti'ic ])hase at the start, while 
QRS3 is isoelectric at the end, and the P-R interval in Lead I is 
shortened by a late beginning of P. 
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Fig. 3. — Simultaneous records of Ecads I and II above, and of Ecad.s II and III 
below. The isoelectric beginning of the P wave and the isoelectric ending of the QKS 
comple.x shorten both the P-R interval and the tJUS duration in Load 1. 


In order to get .some idea of the incidence and jio.ssiblc importance of 
these variations in the time intervals, the electrocardiograms of. 1000 
consecutive patients were reviewed. A large number had a shorter P-R 
interval in Lead I only, and the.se were eliminated from consideration 
because, when Leads II and III agree, it is unlikely that any confusion 
could arise in arriving at the correct values. Thirty -eight tracings (3.8 
per cent) were found to show significant variations (0.02 second or 
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Fig. -1. — .-1. Routine Ec.-id-s I, IT. Ill, ami IV. V. .Sinuiltancou.s Heads I and IT above, 
and Lead.? II and III below. QHSs .sbow.s i.soelectric beginning and ending. i\lai'kcd 
shortening of duration of QR.S: as coinimred with tlie.'-’e conii))e.\es in J.,oads I and 111. 



IV. Small Q, and Rj neutralize eacli otiiei- to 
^ P-R Interval and shorten the QRS duration in Lend II bv 0 O.S sec Tlie 
■slightly prolonged intraventricular conduction time (0.11 sec. in Heads 1 and ihl « 
not apparent in Head II. QRSj = 0.08 .sec. J-.e.uife i .ind ill) is 



326 


THE ASIERICAN HEART JOURNAL 


more) in the duration of the P-R interval or QRS waves, or 1 
leads other than Lead I, A variation in the P-R interval ak 
found in nine (0.9 per cent). Five patients (0.5 per cent) Ink 
ences in the QRS duration only. It was evident that in ten (1 pc 
of the cases the variations were clinically inL])ovtant, in that tl 
and long intervals straddled the dividing line between norn 
abnoi'inal, and beeause the determination oT the correct values int 
the clinical diagnoses. 



Fig. 6. — A. Routine Leads I, II, HI, and IV. E. SinuiUaneous Lend.s 
above, and Leads I and HI below. Late beginning of Pi, balancing of Qi an 
j.soelectric ending of (JRSj make the time intervals differ in all tliree of tlie 
leads in the routine tracing (A). Tlie true P-R interval, determined from tl 
P-S (Lead II) minus the widest QR,S (Lead I), cqual.s 0.17 sec. and is diffe 
any of the recorded P-R intei'vals. E, talcen at a later date, ilUistrate.s wol 
electric ending of QR.Sj. 


The most common mechanism responsible for the disagrecn 
tween different leads was the balancing of Qi and R;j in eases 
axis deviation (thirty-one instances). The balancing of Ri and 
responsible in only three eases. Thirteen tracings showed isoel 
phases, and four records had shortened P-R intervals in Lead 
cause the beginning of the P waves Avas isoelectric. In eightei 
there was poor recording of the beginning of Pi ; this Avas an in 
observation in tliis group. 

Of the thirty-three eases in Avhieh there Avere variations in 
intervals, the longest P-R interval Avas incorrect in twenty-six i 
reet in seven. Lead II shoAved the correct P-R interval only s 
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in this group of thirtj'-three patients. In four instances the correct 
P-K. interval, as ascertained from tlic P-S duration minus the longest 
QRS duration, differed from all of the recorded intervals. It is obvious 
that the QRS duration can err in only one direction, and that the 
longest one recorded must be most nearly correct. Contrary to tlic 
literature, liowever, Lead II did not prove to be the most reliable for 
this measurement. Of the twenty-nine patients with significant varia- 
tions in QRS duration, with or without P-R interval discrepancies, not 
a single one had the correct value in Lead II. The apparent narrowing 
of the QRS waves is produced either by balancing of Q and R in Leads 
I and III, or by balancing of S phases, and this invariably affects 
Lead II, making the QRS complex narrower than it should be. It has 
already been shovm (Figs. 4 and 5) to what extent this narrowing can 
occur. 

Simultaneous registration of two leads affords the proof of these 
observations. However, in the absence of facilities for such registration 
it is still possible to decide with reasonable accuracy what are the correct 
P-R interval and QRS duration. At a glance it is evident whether Qi 
and R« or Ri and Q 3 are about equal in amplitude and duration, 
whether the P is small and late, as it frequently is in Load I, making 
tlie P-R interval too short in that lead, and whether the QRS is too 
narrow in one or more of the leads. One may obtain an approximately 
accurate P-R interval, without taking simultaneous leads, by subtract- 
ing the figure for the widest QRS wave from the longest P-S duration 
(that is, from the beginning of P to the end of S). In doubtful cases. 
Lead III is most likely to give tlie correct P-R interval. We have been 
able to prove the validity of these observations by the registration of 
simultaneous leads with our double string galvanometer, which has 
separate connections for each lead. Comparisons of the original trac- 
ings with those using simultaneous leads are shown. 

The exact clinical significance of the observations reported here can- 
not be ascertained at once. However, .since significant discrepancies in 
time relations occurred in about 3 per cent of the cases in our series, it 
is likely that these measurements will be of importance individually in 
an appreciable number of instances, either from the standpoint of 
insurance or diagnostically. The question also arises whether or not 
present standards of normal for P-R interval and QRS duration are 
actually correct. If normal standards for P-R intervals are based on 
measurements of the longest one in any lead, it is- possible that our pres- 
ent upper normal limit has been fixed too high. W^e are not jireparcd 
to say at present whether an incidence of variation such as we lun^c 
found would modify existing statistics or not. 

Hill,"’ « has recently gone back a little further to the fundamentals of 
differences in time relationships among the various leads in exploring 
the action currents over the chest wall. He also points out the occur • 
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renc-e of isoelec-trie ]jliase.s in the complexes, -irith resultant discrepancies 
in measurements, and recommends observation of the intervals in all 
leads: he finds that if one P-K is different fi'om the other two, the two 
that agree are correct, and if all three are different, the intennediate 
one is correct. Oui’ results agi-ee in most instances with his when Ave 
figure them according to liis observations. However, Ave believe that the 
use of the P-S interval measurement is more reliable, for, in an occa- 
sional case (Fig, 6), direct mea.surement giA-es incorrect A-alues from all 
three leads because of the presence of isoelectric phases (four cases in 
this series). 

.SUMM-ARY 


1. TTe haA-e discovered errors iu existing methods of measurement of 
the P-P inteival and QPS duration in the electincardiogiam. 

2. These errors are usually the result of balancing of similar deflec- 
tions of opposite direction in Leads I and HI, producing isoelectric 
pbases in Lead IL Lead II. therefore, is often the least reliable for the 
measui'ement of eleetrocardiogi'aphic time intervals. 

3. Such variations Avere found to occur in 3.8 per cent of 1000 con- 
secutive cases. 

4. It is pointed out that the variations may be of considerable indi- 
vidual significance diagnostically, and may be of statistical importance 
from the standpoint of existing accepted values for noimal limits of the 
P-R inteiwal and OES duration. 

-5. A .simple method of avoiding the errors is presented. In general, 
Lead III has been found to be the mo.st reliable single lead for the meas- 
urement of time intervals. 
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OBSERVATIONS ON REACTIVE HYPEREMIA IN VARIOUS 
PORTIONS OP THE EXTREMITIES 

DxVyid I. Abramson, M.D., Kurt H. Katzenstfan, M.D., and 
Eugene B. Ferris, Jr., M.D. 

Cincinnati, Ohio 

I N GENERAL, it can lie stated that the functional needs of a tissue 
largely determine the rate of local blood flow. In any situation in 
which function is dependent upon local mctaliolism, it ■would follow that 
this latter factor should likewise play a role in controlling the rate of 
local blood flow. Insofar as the hand and fingers are concerned, how- 
ever, marked and transient varialions in flow have been reported. These 
variations obviously could not be related to changes in metabolism, and 
have been attributed, in part, to the fact that the hand, through the 
medium of its numerous arteriovenous shunts, performs an important 
function in the conservation and dissipation of body heat under ordi- 
nary environmental conditions.^ Further, it has been shoMUi that the 
vessels in the hand respond markedly to other types of stimulation.-'^ 
Since the transient alterations in flow produced by these various fac- 
tors are dependent upon the integrity of the sympathetic nervous sys- 
tem,^ the vascular responses in the sympathectomized hand would be 
expected to be much more closely related to the metabolic needs of the 
tissues than are those in the innervated hand; this relationship was 
demonstrated -recently by Freeman.® 

A number of investigators, notably Bier," liloskowicz,® Roy and 
Brown,® Lewis and Grant, and Freeman,® have studied the phenomenon 
of reactive hyperemia, Avhich, in brief, designates the duration of in- 
creased blood flow to an extremity after a period of arterial occlusion. 
Some of these Avorkers feel that, Avithin certain limits, the subsequent 
increase in circulation is dependent upon the length of time that the 
tissues suffer from anoxia. According to Roy and BroAAm,® the increased 
blood fioAV represents an attempt on the part of tissues Avhich have been 
deprived of a proper blood supply to become repossessed of it. Since 
reactive hyperemia appears to be related to tissue metabolism, it Avas 
thought Avorth Avhile to study this response in the innervated hand, in 
the forearm, and in the leg, in the hope that more information might 
be gained concerning the mechanism involved in the increased local 
blood floAv in the different vascular beds. 

From the May Institute for Medical Research of the Jewish Hospital, and the 
Department of Internal Medicine, College of Medicine, University of Cincinnati, 
Cincinnati, Ohio. 

Read before the American Physiological Society, New Orleans, March, 1040. 
Aided by a grant from the National Foundation for Infantile Paralysis, Inc. 
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METHOD 


The effect of varying periods of arterial occlusion on blood flow in the hand, 
forearm, and leg was studied in a series of fortj'-three normal subjects by means 
of the venous occlusion plethysmographic method. The sympathectomized extremi- 
ties of a female patient (E-. M.), with Baynaud’s disease, were also tested. Gen- 
erally, from two to five experiments were performed upon each subject. Blood 
flow readings were made simultaneously on two extremities which were exposed to 
a bath temperature (temperature of the water in the plethysmograph) of either 
10® to 14°, 32°, or 45° C., at a room temperature of 25° to 27° C. In the ease 
of the forearm and leg, pressures of 300 mm. Hg were maintained at the mist 
and ankle during the period of blood flow measurements, so that vascular changes 
in the distal portions of the extremities could not influence the results.i The appa- 
ratus and technique used in obtaining and calculating the blood flow measuremenis 
were similar in all respects to those previously described.^ 



Fig-. 1. — Effect of varj'ing periods of arterial occlusion upon magnitude of total 
blood flow repayment. Leg (C. B.) — 3 min. occlusion — 1.5 c.c. total repayment; 5 
min. — 1.0 c.c.; 8 min. — 0.4 c.c.; 12 min. — ^10.8 c.c. Forearm (L.S.) — 3 min. occlusion 
— 2.7 c.c. total repajTTient; 5 min. — 4.0 c.c.; 8 min. — 7.2 c.c.; 12 min. — ^10.8 c.c. Bath 
temp.— 32° C. 


After eight to ten control readings were obtained over a period of twenty to 
thirty minutes, reactive hyperemia was produced by suddenly applying an arterial 
occlusion pressure to the proximal portion of the limb by means of a . blood pres- 
sure cuff connected to a pressure system. In the case of the forearm and hand, 
the cuff was generally applied to the arm just above the elbow, and of the leg, 
to the thigh above the knee. In a number of instances, reactive hyperemia was 
elicited in the hand by applying the cuff around the forearm. After different 
periods of application, ranging from three to twelve minutes, the pressure was 
released and blood flow readings were obtained at 10-second intervals for the first 
two minutes, and then at longer intervals for the next eight minutes. In some 
instances, the first measurement was recorded within a second after the onset of 
reactive hyperemia, according to the technique of Lewis and GrantJO 

For each experiment a graph was constructed from the blood flow measurements 
(in c.c. per min. per 100 c.c. of limb vol.) which were obtained during the ten- 
minute interval after the release of the arterial occlusion pressure (Figs. 1 and 2). 
By means of a planimeter, the number of cubic centimeters of excess blood flow 
over and above the estimated control level was obtained for the period of reactive 
hyperemia. The basal flow during reactive hyperemia was ascertained" by averag- 
ing a number of resting blood flow figures which were obtained before arterial 
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occlusion and after tlie effect of tlie occlusion had disappeared. Since different 
periods' of arterial occlusion were used, it was necessary to express tlie number 
of cubic centimeters of excess blood flow as the actual repayment elicited by one 
minute of arterial occlusion for each 100 c.c. of limb volume. Tlic percentage of 
blood flow “debt” which was repaid was calculated by dividing the repayment 
for one minute of occlusion by the theoretical “debt” incurred during this period 
of time. The latter figure was regarded as equal to the control blood flow per 
min. per 100 c.c. of limb volume, on the assumption that this quantity of blood 
would have ordinarily entered the limb during each minute of the experimental 
period if no occlusion pressure had been applied. 



HiMlltl 


Pigr. 2. — Hand. Effect of a ten-min. period of arterial occlusion in subjects J. S. 
(A), H. P. (Pj, and C. IF. (<7), with different control blood flow levels. Fig'ure.s 
within graphs — total repayment over and above control blood flow levels. Theoretical 
"debt" incurred calculated by multiplying control blood flow by ten minutes. Bath 
temp. — 32° C. 

RESULT.^ 

Comparison of iype of response of the hand, forearm, and ler/ to 
arterial occlusion.— In the ease of all three of tlieso sites, tlie greatest 
augmentation of flow at the different bath temperatures took place 
within the first ninety seconds after removal of tlie arterial occlusion 
pressure. Prom that point on, the flow rapidly and progressively 
diminished, so that, after a ten-minute occlusion period, the curve 
representing blood flow generally returned to the control level in ap- 
proximately three to four minutes after release of tlie pressure (Pig. 2). 
After shorter periods of occlusion, the contour of the initial portion of 
the graph (and, at times, its height also) remained unchanged, but the 
descending limb reached the control baseline somewliat sooner (Pig. 
1). The range of maximal blood flow response in the different subjects 
extended over a period of five to twenty seconds after the release of 
the arterial ocelnsion pressure. 

Wlien the blood flow in the forearm and leg had returned to approxi- 
mately the same level as the initial resting flow, the readings obtained 
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thereafter continued to fall within a narrow range on either side of tlic 
average control. In the hand, hoAvever, in approximately one-half of 
the cases in which the arterial occlusion pressure was applied for ten 
minutes or more, the flow, after a brief initial rise, dropped significantly 
below the control level for a short time, and then approached it again 
within three or four minutes (Fig. 3). Almost invariably this “nega- 
tive phase” was associated with a iDainful feeling in the finger tips 
which could best be described as a “pins and needles” sensation. The 
deci’ease in flow was generally not observed in those subjects who had 
low control blood flow readings, even though the “pins and needles” 
sensation occurred. In the patient with a sjmipathectomized upper ex- 
tremity (E. M.), the painful sensation was likewise not associated Avith 
a negative phase in the hand, although in this case a relatively normal 
flow Avas present. 


30 

20 

■t 10 - 

i i 

o 

8 

&30 

E 


I0| 




control 



Mlnulot 


Fig. 3. — Hand. Relationship between negative phase and onset and duration of 
“pins and needies sensation” in fingers (indicated by period between arrows). Sub- 
ject 'Ll. S. A and B — five and eight minutes of arterial occlusion (cuff on forearm) — 
no negative phase and no painful sensation. O and D — ten minutes of arterial occlu- 
sion to forearm and arm, respectively — definite negative phase and severe "pins and 
needles sensation” (more marked in Z>). Bath temp. — 33° C. 


It Avas deemed necessary at the outset to ascertain AAhiether the de- 
crease in floAV in the hand AA^as part of the phenomenon of reactive 
hyperemia, or Avhether it Avas merely a nonspecific response of the A^es- 
sels of the hand to a noxious stimulus. In this connection it AA^as noted 
that in those cases in AAEich no “pins and needles” sensation AA^as ex- 
perienced (generally because the occlusion pressure AA^as applied for a 
period of three or Aa'c minutes, instead of ten), there AA^as usually an 
absence of the “negatAe phase” (Fig. 3 A and B). The rcA^ersc, as 
has already been stated, AA^as also true; the painful stimulus AA^as asso- 
ciated AAuth a negatwe phase (Fig. 3 C and B) unless the contiol Aoaa" 
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was low (the only cxooplion to this was the resjumse in Iho sympa- 
thectoinizecl haiul). In those oxpoviments in whieh hlood flow detor- 
niinations wove made sinudtanoonsly on two hands, with ])rodnction oi 
voaotivc hy]:>cveinia in only one, a doovease in the vestiu”' hlood flow in 
the control hand was ol)serv{‘d at. approximately the same time that, the 
“pins and needles’' sensation and the “ne-iative ])hase’’ aiipearcd in 
the other hand. Further, when both hands wore suhjeeted to arterial 
occlusion, the “negative ]d\asc.'’ was always more marked in each than 
when the arteries to only one were occluded. In addition, the ])ain 
experienced hy the suh.iect as a result of “pins and needles” sensation 
in the fingers of both liands was more intejise. 

At this point it is neces-sary to emphasi/.e the fact that the forearm 
and leg rai-ely, if at all, sliowed a “negativ(‘ i)ha.se” during the period 
of reactive hyperemia (Fig. .1). l^uch dissimilar behavior of the hand, 
as compared with the forearm and leg. is in accord witli the observa- 
tions of previous workers on tiu> responses of the hlood ve.ssels in the.se 


sites to noxious stimuli.' The above results, t(^getlier witli the fact that 
a “negative idrase" was not ohserve<l in tlie sy m pat beet omized hand, 
would support the view tliat tins deci’case in flow which is frequently 
pre.sent in the normally innervated hand during a jieriod of reactive 
hyperemia is eatised hy increased .synpmthetic tfinus resulting from the 
associated ])ainful sensation. Accordingly, curves fnnu the hand in 
which there was a “negative ])hase“ have not been included in the 
re.sults. 

Rcdciivc hupcrnniH n( (liffrrcni htiih Irmpi rdfuri s. — i^ince at a hath 
temperature of 32® (A (whicli is approximately e()\jivalent to normal 
.skin temperature) and at a hkhu temperature of 2.')® 0. tht“re is neither 
exees.sive constriction nor excessive dilatation of either skin or muscle 
vessels, it. was possible to study reactive hypciamiia in a physiologic 
state. Examination of Table 1 reveals that under these conditions 
the actual blood flow rei>ayment which was elicited by a minute of 
arterial occlusion was greatest in the hand, somewhat, le.ss in the foi’c- 
arm, and least, in the leg. It is of interest that the re))ayment in the 
different, portions of the sym pa theef omized extremity was grossly sim- 
ilar to that in the noi'inally innervated limb (Talde .T). 

With the extremity exposed to a high bath tenpieraturc (43° C.). 
reactive hyperemia could be studied during a ])eriod in which maximal 
dilatation of cutaneous vessels had already taken ])lace: the muscle 
vessels were ])robably not significantly affected by such a ]) 3 -occdure. If 
would follow, therefore, that during reactive hyj)eromia at. the high 
bath temperature the increased (low is due principally to dilatation of 
blood vessels in the muscle. 


Most of these experiments were performed upon the foreai-m; the 
severe pain experienced during the period of occlusion at the 'high 
hath temperature made it inpu-actical to utilize the hand, in view of 
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the Imown effect of noxious stimuli upon the blood vessels of the hand.“-‘ 
Examination of Table I reveals that the blood flow repayment per 
minute of arterial occlusion in the forearm was approximately the same 
at the high bath temperature as at a temperature of 32° C. In the few 
instances in which the leg was subjected to the same procedure (results 
not included in the table), the results were similar to those in the 
forearm. 

At the low bath temperature (10° to 14° C.), an opportunity Avas 
afforded to study reactive hj^peremia during a period in Avhieh the blood 
floAv through the cutaneous blood A'essels Avas markedly diminished as a 
result of the constricting effect of cold. Since the cold does not pene- 
trate to any significant extent beloAV the skin layer/ ^ it may be assumed 
that the resting blood fioAV figures obtained for the forearm and leg at 
the loAv bath temperature represented muscle blood floAV primarily. In 
the ease of the hand, hoAvever, the possibility existed that in some in- 
stances not all of the arteriovenous shunts Avere entirelj^ closed by the 
stimulus, Avith the result that the control floAV still included some Aoav 
through these vessels. In fact, in some subjects, even when the bath 
temperature AAms loAvered to 8° or 10° C., the hand floAV still remained 
someAvhat elevated. In respect to reactive hyperemia, hoAvever, the 
blood floAv repayment elicited by a one-minute period of arterial occlu- 
sion in these latter eases Avas approximately the same as in those in 
AAdiieh the control fioAv Avas Ioav. Further, the average repayment for 
the hand, forearm, and leg Avas also grossly similar. It is of interest 
that, for at least the hand and forearm, this figure Avas significantly’' less 
at the loAV bath temperature than that obtained by the same procedure 
at 32° C. (Table I). 

Comparison hehveen the maximal hlood floiv in response to arterial 
occlusion and that elicited hy direct heat. — In forty-tAvo experiments 
the resting blood floAV of the limb at a bath temperature of 43° C. Avas 
compared AA'^ith the maximal blood floAv after a ten-minute period of 
arterial occlusion at a bath temperature of 32° C. In the hand, the 
a.A'^erage control blood floAv at a bath temperature of 43° C. AA’as 28.2 c.c. 
per min. per 100 c.c. of limb volume, AA’hereas the greatest floAv recorded 
during a period of reactiA’e hyperemia, at a bath temperature of 32° C., 
averaged 19.3 c.c. In the forearm the I'CA^erse Avas true; the average 
control blood floAV at the high bath temperature Avas 7.9 c.c., Avhereas 
arterial occlusion at a bath tempei’ature of 32° C. elicited a maximal 
response AAdiich aA’craged 12.7 c.c. LikcAvise in the leg, the latter 
relationship AA’as present; the average control Aoaa'^ at 43° C. AA’as 3.3 
c.c., and the greatest floAv during reactive hyperemia at 32° C. aA’eraged 
7.2 c.c. 

DISCUSSION 

It is generally held that in normal subjects the magnitude of the 
hy^ieremie resiionse AAdiich folloAA’^s depriA’ation of blood floAv is relaied 
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lo the iiu'tiiholic iieods oi! Ilio tissuc.s involvod. Tho o))S(‘i'v;ili()ns lu're 
rcpoHod arc consistent ^Yith such a view when the, known facts eon- 
oevnin;; the ve!,ndation of Itlood How lo llie varions ve>iions studied are 
considered. For example, as iireviotisly staled, the l)lood vessels of the 
liand, in addition to su])plyin!j the inelaholie needs ol the liss\ies, also 
function lo di.ssii)ato heat' and po.ssildy to rei>nlato eirenlatinf; blood 
Yohnne.'^ .Since the functitm of iieal dissipation is active in liie hand 
at ordinary local and envii'onmenfal lein|)erat ures, it would he expected 
that the control rc-stinii How would he nmeh ;j:reater than the amount 
neee.ssary for metabolic juirposes. This is snbslanliated by r)nr ol).serva- 
lions, for the blood How rei)ayment ))er minute of arterial occlusion at 
a hath temperature of o2° C. was much less than the theoretical "'debt ’’ 
incurred (eciual to control How per minute), Ael\ially, if the eases in 
which a negative i)hase occni’red had been included in llie .serie.s, llni 
avcraije reiaiyment in the hand would have been even less. At extrmnely 
low hath lemperatnre.s. the rf'.stinir How in the hand was in .soim' in- 
stances of the same order of imiiirniltnle as tiiat in tlu' forearm and leir, 
and, durinji react ive hyimrerniu, the ve))ayment a)>proximately e(|uallcd 
the conli’ol How per minute and. hence, tiie l)lood (low '‘debt (Table 1). 
In tiicsc eases it would ap)>ear that the hand was no loiUfier .serviner the 
function of heal dissipali<nn and (hat its blood How was dejiendenl 
chiefly upon metaholic needs. 

In the forearm, at hath tem]>(*ra1»jres of 14” and H2® C.. the eonli'ol 
How was (pule constant in the same and in different sub,i(M*ts, and the 
inajrnitude of the repayment ])er minute of arterial occlnsioji a]p)roaehed 
that of the blood How '‘debt” (Table 1). Pr(>vions stinlies liavo 
demon.sl rated (hat. at such local and environmental tem))eratures. the 
arterioles in this rejxion are not inllmmced by syminithetie tonus and arc' 
not concerned directly in the jcroec.ss of lical dissipciticm.'- Th(> f;icl 
that the I’cpayment and the hloccd How "ch'ht ” were ecjnivah'nt would 
snjigest that, under these circumstances, the ivstiim How wa.s dc'pc'iident 
chiefly upon the mctidiolic needs of the tissues. .\t a bath temperature 
of 43° C.. however, the relation of the rcvstinir How in the forearm to 
the amount r(>i);ud was entirely different; it resc'inhled more closely tht; 
response in the hand at 32° C.. in that only a small inmeentaf'c of the 
“debt” was repaid (Table 1). A similar lyjce of respon.se in the fore- 
arm lias also been obtained by ju'oducin'i extrc'inc' deforces of I'otlex 
va.sodilatation Ihrouiih the apidication of heat to distant portions of 
the body.'-’' Under these circnm.stancc's the forearm was servin-r the' 
function of heat dissipation, even at a hath temiieratnre of .32° C.. and. 
as would he anticipated, arlei’ial occlusion resulted in a repayment of 
only a .small percentafre of the theoretical blood How “debt.” * Further 
evidence was obtained by com])arin'r the resting Hows in the forearm 
at: 14,° 32,° and 43° C. (Table I). Tho.se obtained at 43° f. were con- 
siderably hi<rher than would he expected as a rc.sult i>urely of increased 
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metabolism caused hy heat. It would then appear that, at high bath 
temperatures, the total blood flow to the forearm is dependent on fac- 
tors other than local metabolic needs, whereas, at the lower bath tem- 
peratures, a definite correlation exists between the resting blood flow and 
the metabolic requirements of the tissues. 

Further evidence for the view that the blood flow repayment is 
related to the metabolism of the tissue was obtained by varying the 
duration of arterial occlusion. In the forearm and leg, and, under 
certain conditions, in the hand, the magnitude of the repayment was 
found to be directly proportional to the blood flow “debt” which was 
incurred (Table II, Pig. 1). This relationship existed for all three 
bath temperatures. Of course, it must be borne in mind that a blood 
flow “debt” may be repaid not only b.y a more rapid rate of blood 
flow, but also by a greater removal of metabolic products from each 100 
c.c. of blood during its passage through the tissues. As a result, a direct 
relationship between the magnitude of the blood flow “debt” which is 
incurred and the subsequent increase in blood flow might not always be 
realized. This may explain some of the results which appear at variance 
with the majority of the observations (Table II). 

It has been found that the magnitude of the first few blood flow levels 
after release of arterial occlusion is quite independent of the total repay- 
ment. This lack of correlation is evident not only in comparing the 
observations on different subjects, but also on the same subject, after 
varying periods of arterial occlusion. In some instances the maximal 
height of the initial blood flow readings after five minutes of occlusion 
was approximately the same as that after eight or ten minutes ; the total 
number of cubic centimeters of excess blood flow was, of course, smaller 
for the shorter period (Fig. 1). Such evidence would suggest that the 
use of the maximum blood flow response during reactive hyperemia as 
a comparative index of the total response is not justified. Since varia- 
tions in the shape of the blood flow curve during reactive hyperemia 
are such that, from a given point in the grapli, neither the height of the 
maximum response nor the amount of the total response can be predicted 
(Figs. 1 and 2), the procedure of obtaining a single reading at an 
arbitrarily fixed time after the release of the arterial occlusion pressure^® 
is also open to criticism. On the other hand, by obtaining frequent 
blood flow readings, particularly during the initial portion of the period 
of reactive hyperemia, one is able to ascertain the maximal blood flow 
response to a given stimulus, and thus obtain an index of the degree of 
arteriolar dilatation. In this respect the use of the term “actual blood 
flow repayment per minute of arterial occlusion” apparently has more 
significance than “percentage of blood flow debt repaid.” This is 
clearly demonstrated in Fig. 2, in which the repajunent for a ten-minute 
period of occlusion in the hand is recorded in the ease of three subjects 
with varying control blood flow levels. Although the actual repayment 
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Avas approximately tlie same in all three cases, the percentage repay- 
ment A'aried markedly because of the differences in theoretical blood 
floAv “debt”; the latter ivas derived from the control resting blood floiv. 
Furtlier, in tlie case of the forearm and leg, because of the relatively 
low control blood floAv readings, very' slight variations in response in 
the different subjects, Avithin the range of experimental error, might 
make relatively great differences in the percentage repaAunent. 

SUMMARY AND CONCLUSIONS 

The effect of arterial occlusion upon the subsequent rate of blood 
floAV Avas studied in the hand, forearm, and leg in a series of forty-three 
normal subjects by means of tlie plethysmographic method. 

EAudenee is presented to shoAv that estimation of the blood floAV repay- 
ment after a minute of arterial occlusion is of much greater value than 
obtaining a figure Avhieh represents the single maximum response to 
arterial occlusion (“per cent of blood Aoav debt repaid”). 

It has been found that grossly there is a direct relationship betAA^een 
the duration of the circulatory arre.st and the number of cubic centi- 
meters of excess blood floAV over and above the control blood floAv level. 

The direct application of heat has a more potent vasodilating effect 
upon skin A^essels in the hand than the stimulus elicited by a period of 
arterial occlusion. 

The occurrence of a negative phase (reduction of blood fioAv to less 
than the control level) in the hand during the period of reactive 
hyperemia is probably due to the effect of noxious stimuli upon the 
tonus of the sympathetic nervous system. 

These quantitative studies of reactive hyperemia bear out previous 
observations that the vascular responses of the forearm and leg differ 
from those in the hand. 

If the excess blood Aoav during reactive hyperemia is considered as 
a repayment of the blood floAV “debt” Avhich is incurred during the 
period of arterial occlusion, certain conclusions can be dra-AAOi concern- 
ing the resting blood floAv to the Amrious regions Avliich Ave studied. 

Under optimal environmental conditions and at a bath temperature 
in the range of 14° to 32° C., the blood floAv in the forearm and, to a 
lesser extent, in the leg appears to be regulated chiefly by the metabolic 
needs of the tissues; at higher bath temperatures, i.e., around 43° C., 
it exceeds this level. In the hand the resting blood fioAv is generally 
greater than that necessary for metabolic requirements, except at ex- 
tremely loAA^ bath temperatures, AAdien the function of heat dissipation is 
no longer operatiA^e. 

The authors wish to tliank Dr. Sidney M. Pierst and Mrs, Robert Senior foi 
their a.ssistance in carrying out the experiments. 
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THE BLOOD PICTURE IN RHEUMATIC FEVER 

Valentina P. Wasson, M.D., Edward E. Brown, M.D., and 
Clarice Weintraub, B.A. 

New York, N. Y. 

OE CAUSE of the absence of a specific diagnostic test for rheumatic 
' fever, Ave undertook a detailed study of children with acute rheu- 
matic fever. We hoped therebj’’ to shed new light on this malady, Avliieli 
is so obvious in its acute manifestations, so elusive in its subacute state, 
and so charged Avitii uncertainty Avhen it is quieseent. 

In this paper'^" we shall present several observations on the hemato- 
logic picture of 100 hospital patients who Avere suffering from the dis- 
ease. Although the blood picture of acutely ill rheumatic patients sIioaaas 
definite, nonspecific changes, they Avould be of little value in a ncAv, 
clinically undiagnosed ease of rheumatic fever, i.e., one not charaeterized 
by pharyngitis or tonsillitis, carditis, fever, or joint or muscle pains. 
But these nonspecific changes are of value in the prognosis of clinically 
established, acute rheumatic fever, and of even greater value in estimat- 
ing the rise and fall of rheumatic activity in a patient Avho is knoAvn 
to have had the disease. If frequently and accurately repeated, the 
blood studies on a rheumatic child giAm a correct index of his status. 
Table I summarizes our laboratoiy AAmrk: 

Table I 


Number of Patients Studied, 100; Girls, 53; Boys, 47 ; Average Age, 10% Years 


1. 

Erythrocyte sedimentation rate estimations 

1351 during 32, months 


Nonfilament neutrophil counts 

1195 during 32 months 

3. 

Hemoglobin estimations 

1164 during 32 months 

4. 

Blood platelet counts 

824 during 20 months 

5. 

Coagulation time estimations 

721 during 16 months 

6. 

Bleeding time estimations 

595 during 15 months 

7. 

Capillary resistance estimations 

639 during 22 months 


Total 

7487 


The Erythrocyte Sedimentation Rate is the test most AAudely used in 
the diagnosis of rheumatic infection. The folloAving are the observa- 
tions of some authorities on the significance of this test. Weiss^ fol- 
loAved the E. >S. R. curves in fifty cases of acute rheumatic fever. The 
rate returned to normal three to scAmii AA’^eeks after the disappearance 
of complaints. Severity of joint manifestations Avas not accompanied 

Received for publication Dec. 21, 1910. 

*Our investigation "was carried out at the Pediatric Cardiac Research ^iuic of 
the New Tork Post-Graduate Hospital & Medical School, on a grant from the John 
and Alarj* R. Markle Foundation. ’ 
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a proportionately higher E. S. E. Patients with acute rheumatic 
fever should not be discharged until the sedimentation rate is normal. 
Payne^ found that there was a close relationship between the clinical 
manifestations and the E. S. E. ; the latter was of most practical value 
in following the progress of the patients. Failure to return to normal 
indicated that some pathologic process still persisted. Bach and HilP 
observed that the test was of importance as an aid in the initial differ- 
entiation between active and nonaetive juvenile rheumatism. It Avas 
also important if done at regular intervals during convalescence. Hill’s* 
opinion Avas that, if the E. S. E. Avas normal, active rheumatism, other 
than chorea, Avas not present. Struthers and BaeaP studied thirty-one 
patients Avith rheumatic infection Avho had 573 E. S. E. estimations and 
298 leucocyte counts. They observed that the E. S. E. required months' 
to return to normal, and Avas tlie most delicate test for activity of the 
rheumatic infection. In the presence of cardiac failure AA'ith edema, it 
fell rapidly to levels below normal, and Avas of serious prognostic sig- 
nificance. Landau® discussed the microsedimentation (Linzenmeier- 
Eaunert) method and said that the chief importance of repeated esti- 
mations Avas in indicating the intensity of the acute rheumatic proce.ss. 
The sedimentation rate had to be normal before one could say that the 
infection had run its course. In uncomplicated chorea the values Avere 
loAV. Elghammer^ used the Eaunert method on 171 patients Avho Averc 
convalescing from various types of rlieumatic infections. He found that 
the E. S. E. served as an indication of rheumatic activity Avhen there 
Avere no symptoms. It Avas valuabh; in estimating general progress and 
prognosis. Persistence of a high E. S. E. signified a grave prognosis. 
Clifton® came to the foIloAving conehrsions : Chorea is the only rheu- 
matic manifestation characterized by a normal sedimentation rate. 
Active rheumatic infection produces a rapid E. S. E. Avhen arthritis or 
carditis occurs either alone or as a complication of chorea. IMonocyclic 
rheumatic infection subsides in about tAAm months, as indicated by the 
sedimentation rate. Coburn and Kapp® said that the E. S. E. might be 
considered a measure of the extent of inflammation. Struthers and 
Baeal,*® in their study of 100 cases of rheumatic fever, concluded that 
the sedimentation rate Avas the most valuable means of measuring the 
activity of the rheumatic disease in childhood. Massell and Jones** 
studied 178 patients Avith active rheumatic fever and found that both 
the corrected E. S. E. and the leucocyte count AA^ere valuable aids in 
folloAving the course of rheumatic infection, but that the E. S. E. Avas 
more useful as a single, isolated test, because the leucocyte count Avas 
valueless unless done repeatedly. Massell,*- in a later publication, said 
that the E. S. E. Avas a nonspecific reaction, did not differentiate one 
disease from another, and had no diagnostic value. He stated that its 
chief usefulness lay in its ability to detect the presence of a disease 
process in the absence of all other signs. Struthers*® contended that 
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the E. S. E. was probably the most delicate indication of rheumatic 
activity, and that it was the last abnormality to disappear after activ- 
ity had ceased. 
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Graph I . — Mean seasonal distribution of blood findings on 100 rheumatic fever children. 

In our studies we used the Linzenmeiei'-Raunert method of micro- 
sedimentation described by Landau.*’ When the same technician did 
all the tests, we found it simple and accurate for outpatient work. The 
micromethod has been found equally useful by Elghammer’’ and Eogatz.^^ 
The latter used the Smith micrometric apparatus. He states that the 
mieromethod which requires the minimal amount of capillaiy blood 







WASSON N’X AL. ; 


BLOOD PICTURE IN RHEUMATIC FEVER 


345 


(obtained by a finger prick) is satisfactory and reliable. In our opin- 
ion the Linzenmeier method is accurate only up to 50 mm. per hour of 
sedimentation, after which it becomes difficult to estimate the rate be- 
cause of packing of the short tube ivith erythrocytes. The high normal 
value is taken as 10 mm. per hour. We have also found that the E. S. B. 
rises during the premenstrual period, and therefore, unless an inquiry 
is made concerning the menstrual cycle, and other blood findings are 
taken into account, a serious mistake may occur. 

Grraph I A represents the distribution of the mean E. S. R. estima- 
tions in 100 cases of rheumatic fever, active and inactive, over thirty- 
two months. It will be observed that the highest peaks in the graph 
correspond to the seasons of greatest rheumatic fever activity, which 
are reached in November and March, and that there was a slight fall in 
January and February, and a marked fall from June to September. 
The mean E. S. E. for the group was 9.7 mm. per hour. 

Among the 100 patients who ivere studied for thirty-two months, 
fifty-five attacks of rheumatic fever occurred. Twenty-nine patients 
had thirty-five of these attacks under our observation, either in the 
wards or in their homes. Of the remaining twenty attacks, some were 
reported only after the children had stayed for a prolonged period at 
home in the care of private physicians, and others were seen at the clinic 
only at the outset of the illness, Avhereupon the patients ivere hospitalized 
in other institutions. In these twenty instances only the record during 
quiescence was available. 

Graph II A shows the average trend in the sedimentation rates of 
the acutely ill and the well rheumatic children. The mean E. S. R. of 
the acutely ill group was 24,7 mm. per hour, whereas in the ivell group 
it was 8.05 mm. per hour. It will be noted that the standard deviation 
for the first group was abnormally high because of the difficulty of 
reading values over 50 mm. by the micromethod. 


Table II 



NO. 

JtEAN 


SIGJtA 

Total number of patients 


8.05 

mm. 

6.9 

Boys 

47 

7.3 

mm. 

5.7 

Girls, all ages 

53 

8.8 

mm. 

6.65 

Girls menstruating 

21 

9.9 

mm. 

6.8 

Girls not menstruating 

32 

7.7 

mm. 

6.0 


To ascertain how much effect menstruation had, we computed sepa- 
rately the E. S. R. of the boys and girls in the quiescent group. The 
only infections in this group were transient colds which, at times, pro- 
duced a moderate rise in the B. S. R., and much chronic sinusitis which 
we found did not accelerate the sedimentation rate. We also calculated 
the mean sedimentation rate of twenty-one gizis ivho had begun to men- 
struate and that of thirty-two who had not yet menstruated. The results 
are presented in Table II. 
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The above data show that the mean E. S. R. of girls is higher tliau 
that of hoys, and that that of menstruating girls reaches the upper 
limit of normal. The E. S. R. of girls avIio have not yet reached puberty 
and that of boys is much the same. 
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The Non filament ed Neutrophile Count has only recently become an 
adjunct to the diagnosis of rheumatic infection, and has not attracted 
the attention it merits. 

The leucocyte count is still regarded by many authorities as an im- 
portant aid in estimating the intensity of rheumatic infection. e 
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iDnB observed it roiitiiieh’’ for four years on all our patients, and have 
found it unrelial)le. Even if it is done frcQuently by the same tech- 
nician it rarely shows consislent variations, and the personal error is 
considei'able. Tlierefore, we have abandoned the total leucocyte count 
in favor of the Schilling count, i.e., the number of nonfilamented neutro- 
philes in the smear. Little has been pul)lished on the Schilling count 
ill the diagnosis of rheumatic fever. Clifton® was of the opinion that 
the Schilling count paralleled the clinical cour.se ratlier than the sub- 
siding infectious process, and that the E. S. R. was more reliable in the 
diagnosis of rheumatic activity. Rogatz’" studied twenty-five cases of 
rheumatic fever in which lioth tlie E. S. R. and the Sciiilling count were 
done. He concluded that tlie E. S. R. was more sensitive as an index of 
activity and complete convalescence. Botli tests were positive when the 
rheumatic infection was in its early stages, but the Schilling count re- 
turned to normal as clinical improvement occurred. Gregg and Allen^® 
observed that an increase in the nonfilament count seemed to be more 
indicative of tissue damage than the polymorphonuclear percentage. 
Rogatz” expre.ssed the view that the Schilling count was of more value 
than the ordinary differential count in interpreting the clinical mani- 
festations of the acute pathologic conditions of infancy and childhood. 
King^® thought that a shift to the left in the number of nonfilamented 
neutrophiles was not so reliable an index of activity as an increased total 
leucocyte count. Struthers and Bacal,’® in their .study of 100 eases, 
observed a marked shift to the left in rheumatic fever. In chorea, with 
a normal sedimentation rate, there was no a,ssociation between the 
Schilling count and the E. S. R. 

In our group of 100 patients we made 1193 Schilling counts over a 
period of thirty-two months ; the results are gR'en in Graph I B. The 
average pei’centage of nonfilamented cells Avas 8.4. It is readily seen 
that the number of nonfilamented neutrophiles parallels the sedimenta- 
tion rate. The parallelism of the curves is particularly striking Avhen 
they are superimposed. (See Graph III.) 

Graph II B shoAvs the contrast between the mean nonfilamented cell 
counts of acutely ill patients and those Avhose rheumatic infection Avas 
quiescent. Again the Iaa^o curves folloAv closely the E. S. R. of the ill and 
Avell patients, although the nonfilamented neutrophiles Avere slightly 
sloAver to rise at the onset of infection, and retui’ued to normal sooner 
than the E, S. B. 

The distribution of the nonfilamented cells among the ill patients is 
of interest. Graph IV represents the freciuency distribution of non- 
filamented cells in the thirty-five eases of acute rheumatic fever that 
occurred among the 100 patients. It aauII be seen that 54.17 per cent 
fell into the category of “moderate shift to the left,” i.e., betAveen 10 
and 20 per cent, and only 13.17 per cent shoAved a “marked shift to 
the left.” 
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The opinion prevails that the E. S. R. is a more sensitive index of 
infection than the nonfilamented cell count, in that it is usuallj^ the 
first evidence of disease. Let ns consider onr series of acutely ill pa- 
tients. Of the thirty-five instances of rheumatic fever under our super- 
vision, in eighteen the E. S. R. and the nonfilament count rose simul- 
taneously, in fifteen the E. S. R. rose before the nonfilamented cell count, 
and in two the reverse occurred. Thus in more than half of the eases 
the two abnormalities paralleled each other, and in the remaining seven- 
teen cases the rise of the E. S. R. preceded that of the nonfilamented 
cells in all but two instances. 



Graph III. — Mean seasonal distribution of erythrocj'te sedimentation rate and non- 
fllament neutrophiles in 100 rheumatic fever patients. 



Graph IV'". — Freguency distribution of nonfilamented neutrophiles in acutely ill group. 

Let US now consider the terminal stages of an attack of rheumatic 
fever and' see what happens with respect to tlie return to normal of 
the E. S. R. and the nonfilamented cell count. Data are available in 
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only twenty-nine cases, for in six the attacks had not yet run their 
course. In seven out of twenty-nine the E. S. E. and the cell count 
returned to normal at the same time, in fifteen the nonfilamented cell 
count Avas the first to become normal, and in seven the E. S. E. ivas 
first. 

If the E. S. E. is to be regarded only as an index of infection, then 
our small series of eases suggests that the sedimentation rate is the 
more sensitive of the two tests, both at the beginning and at the end 
of an attack of acute rheumatic fever, especially tlie latter. But ive 
must bear in mind that the E. S. E. rises also before menstruation, 
Avhich may coincide udth the beginning or at the end of a rheumatic 
attack. 

The Hemoglobin content of the blood in rheumatic fever gets scant 
attention in medical writings. Weiss^ said that anemia ahvays accom- 
panies rheumatic fever. Geselius*® observed an association between the 
degree of anemia and the severity of the rheumatic infection. Hubbard 
and McKee, in a study of seventeen cases, spoke of a frequently severe 
anemia ivith the active phase of rheumatic fever, and commented that 
its persistence might often be an indication of continued rheumatic 
activity. Isaacs, Sturgis, Bethell, and Goldhammer^^ believed that the 
occurrence and severity of anemia were an accurate index of rheumatic 
activity. They also pointed out that the E. S. E. paralleled the severity 
of the anemia, and that both should be Avatched in folloAving the course 
of the disease. 

Over a period of thirty-tAvo months Ave made 1164 estimations of 
hemoglobin in our group of 100 rheumatic patients. Using the Sahli 
method, the hemoglobin was measured in grams, from Avhich the 
percentage Avas computed (16.7 grams equal 100 per cent). 

Graph I C shoAvs the seasonal distribution of the mean hemoglobin 
curve for the entire group of patients, including those Avith active and 
inactive disease. There Avas a general doAimAA^ard trend from a high 
peak in November, 1937, toAvard May, 1938. Then there was an abrupt 
rise in June to 78.3 per cent. In September the hemoglobin fell to 
74 per cent, then maintained a fairly steady level betiveen 75 per cent 
and 74 per cent until the middle of Marcli, 1939. At that time a fall 
to 72 per cent occurred, and Avas maintained until the end of April, 
AAdien a rapid rise took place, so that by the end of June an average of 
82 per cent Avas attained. In September, 1939, the hemoglobin returned 
to 75 per cent. During the Avinter of 1939-40, the hemoglobin Avas 
uniformly Ioav, fluctuating betAveen 73.5 per cent and 70 per cent, Avith- 
out the expected rise in May. 

In the hope of shedding light on the continuous decline in the mean 
hemoglobin level of the entire group during three consecutive Avinters, 
Ave present the mean hemoglobin percentage, together Avith the number 
of attacks of acute rheumatic fever AAdiich Avere observed during- each 
of the three periods, and the atmospheric temperature for the first six 
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months of each year, i.e., from January to June, Avhich covers the period 
of greatest rheumatic activity (Table III). 

The steady fall in hemoglobin during the three consecutive winters 
may have been related to the increasing frecjiieney of rheumatic fever 
attacks, which, in turn, may have been associated with the steadily 
diminishing temperature during the three January-to-June semesters. 
Vital statistics for New York show that the first half of 1938 set a 
record for low mortality from rheumatic heart disease, and from scarlet 
fever and pneumonia, as well. It was also the warmest half year of 
the three, Avith a temperature of 449° above average. The temperature 
during the first six months of 1939 Avas loAver. All of the eight attacks 
of rheumatic fever in our series occurred during that period, and the 
average hemoglobin dropped 2.3 per cent. The year 1940 was char- 
acterized by the coldest and rainiest Avinter and spring of the three 
years (precipitation 24.66"), and tAA^elve rheumatic fever attacks out of 
a total of sixteen occurred betAveen January and June of that year. 
The hemoglobin AA^as loAvest during that Avinter, and there was no rise 
in May. 

T.able III 



1937-38 

1938-39 

1939-40 

Mean hemoglobin 

77% 

74.7% 

72.35% 

No. of attacks of 

acute rheumatic fever 

11 

8 

16 

No. of attacks betAveen 

January and June 

G 

8 

12 

Mean temperature* from 

January to June 

-1449° 

■4374° 

-3G6° 


*These figures represent the cumulative deviation from the mean temperature, 
as reported by the U. S. AA'^eather Bureau of the first six months of each of the 
three years. 


Graph II C shoAvs the different mean hemoglobin levels of the acutely 
ill patients and those Avhose disease AA^as ciuieseent. In the former it 
AA'^as 69.6 per cent, and, in the latter, 75,35 per cent. Hemoglobin values 
under 59 per cent occurred in only nineteen of 1164 estimations (1.6 
per cent). 

ObAuously, man^^ factors other than infection and atmospheric tem- 
perature determine the hemoglobin content, e.g., diet, hygiene, and 
hereditary and indmdual make-up. The latter is important, and that 
is AAdiy one cannot jiut too much reliance on oeea.sional estimations of 
hemoglobin in the diagnosis of rheumatic fcAnr. We have normal 
standards for the sedimentation rate and the nonfilamented cell count, 
but there are, apart from the acute anemias, only indiAodual standards 
for hemoglobin. A child aa'Iio shoAAn no cA'^idcnce of infection and main- 
tains a steady hemoglobin IcA'el of 68 ]Aei‘ cent is better off than the 
one AAd)o.se hemoglobin suddenly drops Iroiu 90 ])cr cent 1o /o ])e] cent 
after an attack of acnte tonsillitis. 

Platelets, Coagulation and Bleeding Tmdc.— During the first year of 
our study our obserAvations Avere confined to the estimation of the 
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ei-ytliroeyte sedimenlation rate, nonfilament count, and hemoglobin. 
In the course of our clinical observations ive ivci-e much impressed by 
the frequency of hemorrhagic phenomena in rheumatic patients. Forty- 
three per cent reported more than two nosebleeds, more than two 
peteehiae at a time were observed in nineteen cases, and 11 per cent 
of the patients had purpuric spots as a result of insignificant trauma. 
Hoping to shed more light on the nature of these hemorrhagic symptoms, 
in the fall of 1938 we added a routine platelet count to our study, and, 
a few months later, when our lalioratoiy facilities expanded, the estima- 
tion of coagulation and bleeding time. 

This study particularly interested us because there is almost no men- 
tion of it in medical writings, although a great deal has been written 
about the blood-clotting mechanism and the purpuras, and some atten- 
tion has been given to hemorrhagic manifestations in scarlet fever. We 
present here the feiv references that have a direct bearing on this study 
and on our ob-servations. The most valuable monograph on blood 
platelets is that of Tocantins.^- He observed that during the acute stage 
of infectious diseases, including rheumatic fever, there is a thrombo- 
penia which gives place at the termination of the infection to moderate 
thrombocytosis. The thrombopenia and the decrease in the number 
of platelets correspond to the dui-ation of fever. Tocantins i.s the only 
writer who refers directly to rheumatic fever. Hunt--^ said that hemor- 
rhages come on usually after the subsidence of the acute .symptoms of 
scarlet fever, and seem to be caused by the action of scarlatinal toxin 
on the endothelium of the blood vessels. In most cases there ivere a 
sharp reduction in the platelets and prolongation of the bleeding time. 
Coburn^‘‘ said that the frequency of epistaxis, purpura, hematuria, and 
hemorrhagic pulmonary consolidation during the activity of the rheu- 
matic process strongly suggested that there were physiologic changes 
causing increased permeability of the capillaries and small blood vessels. 
Sturgis, Isaacs, Goldhammer, and Bethell,-® in their review of publica- 
tions on the hemorrhagic state, noted that bleeding may result from the 
decrease in blood platelets, alteration in the plasma, or changes in the 
permeability of the capillaries. Madison and Squier-® found that in- 
creased permeability of the capillary walls to erythrocytes is always a 
pathologic condition and demands an etiologic investigation. They 
added that capillary erythropermeability is associated with vitamin C 
deficiency, severe infections, terminal phases of malignant disease, 
malignant hypertension, primary blood disease, allergic states, and 
ovarian disorders. McKhann and EdsalP^ ivere of the opinion that 
purpura implies some factor which causes a reduction in blood plate- 
lets. The presence of purpuric manifestations in allergic states, as 
well as in infections, suggested to them an imbalance among the various 
factors which are involved in the normal coagulation process. Elliott^* 
said that in primary or idiopathic thrombocytopenic purpura the plate- 
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lets are markedly reduced, or may even be absent, bleeding time is pro- 
longed, and clotting time delayed. He also stated that, in almost all 
cases, purpura is a symptom complex rather than a disease entity. 
EosenthaP® observed that thrombopenic purpura shows uniformity in 
its blood picture, but presents a marked variation in its course from 
acute to chronic. He noted a marked diminution in blood platelets, 
prolongation of the bleeding time, and clot retraction. Fox and Enzer,3“ 
in a paper on the phenomena of purpura following scarlet fever, ex- 
pressed the opinion that the reasonable explanation for the purpura 
was that scarlet fever toxin strongly affects the capillary epithelium. 

Before we present our observations on the subject, Ave shall revieir 
what different authorities regard as normal values for the platelet 
count and coagulation and bleeding time. 

Platelets. — Levinson and McFatersi normal values are from 250,000 to 350,000 
per c. mm. of blood. Tocantins : 22 average platelet count on normal persons is 
250,000 ± 7,000 per c. mm. of blood, with a standard deviation of 58,000. Todd and 
Sanford: 32 the normal number of blood platelets, Avhen counted by the direct method, 
ranges from 2,00,000 to 300,000 for each c. mm. of blood. 

Coagulation Time. — Levinson and McFate:3i capillary method, normal time is 
from three to eight minutes. Pepper and Farley: 33 capillary method, two to four 
minutes. Nicholson: 34 capillary method, two to eight minutes. 

Bleeding Time. — Levinson and McFate:3i by the Duke method, the normal bleed- 
ing time is from three to seven minutes. Todd and Sanford : 32 the normal bleeding 
time is from one to three minutes, but may be as long as eiglit minutes. Pepper 
and Farley: 33 in normal persons a small, sharp cut through the skin bleeds from 
three to six minutes. The bleeding time is in inverse proportion to the number of 
platelets. Nicholson: 34 normal bleeding time is from three to five minutes. 

In our study ive considered that the normal platelet count is betiveen 

250.000 and 350,000 per c. mm., that the coagulation time varies from 
three to five minutes, Avitli a high normal limit of seven minutes, and 
that the bleeding time ranges from one to three minutes, tvith an upper 
limit of five minutes. 

The personal error in our series of computations on platelet counts 
Avas ± 4,500 cells. The platelets Avere counted by the direct citrate 
method; the coagulation time AAms ascertained by Zabrazes’ capillary 
method, and the bleeding time by the direct capillary method. 

In the course of tAventy months Ave did 824 platelet counts on 100 
rheumatic fever patients, and found that onlj’’ 4.38 per cent had 
counts above 250,000 cells per c. mm. Graph V shoAA'^s the frequency 
distribution of these 824 platelet counts. Nearly one-half AA'ere betAveen 

150.000 and 200,000, and 66.93 per cent AA^ere beloAv 200,000, Avhich is 
loAV by all standards. Graph I ID shoAvs the mean seasonal disti’ibution 
of platelets through the tAA^enty months of observation. The loAvest 
Amines occurred in April and May of both yeai’s, AAdien the E. S. E. and 
nonfilamented cell counts Avere high. The mean platelet count for the 
Avhole group Avas 184,000 per c. mm. There Avas no appreciable dif- 
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ferenee between the counts on boys and girls, nor between menstruating 
and nonmenstruating girls. The latter observation corroborates Lee and 
Erickson ’s^"^ work on bemopbilia and tbe blood of menstruating women, 
in that in both conditions there is no reduction of platelets, but a delay 
in their disintegration. Table IV summarizes the above data. 

The platelet count of the acutely ill children was, on an average, 
7,300 cells lower than that of the ones whose disease was quiescent. 
Graph II B shows that after the onset of infection there is at first a 
moderate decrease in blood platelets, followed by a more rapid diminu- 
tion, and then a rapid recoveiy at the end of the attack. 


Table IV 



NUMBER 

MEAN 

SIGMA 

Total patients 

100 

184,190 platelets 


Boys 

47 

183,950 platelets 

44,740 

Girls 

53 

185,500 platelets 


Girls menstruating 

21 

185,000 platelets 


Girls nonmenstruating 

32 

186,900 platelets 

27,500 



Graph V.— Frequency distribution of platelets in 100 rheumatic children. 

Seven hundred twenty-one coagulation time estimations were done on 
our 100 patients in the course of sixteen months. Graph I E shows 
the mean seasonal variations of the coagulation time. The values were 
low in May, 1938, and in March and June, 1939, and elevated during, 
the winter months. The mean coagulation time for the group was 5'50". 
This is well within normal limits, although higher than the average 
for normal persons. Sex played no role in the length of the coagulation 
time ; that of boys was only a fraction higher than that of girls. There 
was also no difference between menstruating and nonmenstruating girls 
Graph II E shows that in the group of children who were suffm-ing 
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from acute rheumatic fever the mean coagulation time was 6'8", and 
in the well group it was 5'42". 

Five hundred ninetj^'-five bleeding tune estimations were recorded in 
the course of fifteen months on the 100 children. We found that the 
mean bleeding time for tJie entire group was 3'38", wliich is also within 
normal limits. The average bleeding time for the girls was 3'29", and 
for the boys eighteen seconds longer. Graph I F shows the seasonal 
variations in the bleeding time of our patients. The longest were 
recorded in April and June, 1939, and in April, 1940. Graph II F 
shows that the mean bleeding time was four minutes for the acutely 
ill patients and 3'20" for the well gi’oup. Our observations on the 
coagulation and bleeding times are summarized in Table V, 


table V 


COAG. TIME, MEAN' 

SIGSIA 

BLEEDING TIME, MEAN 

SIGMA 

Total Group 5'50" 

1.3 

3'38" 

0.92 

Boj-s 5'56" 

1.67 

3'47" 

1.1 

Girls ■ 5'49" 

1.5 

3'29" 

1.03 


From the above data it appears that the platelet count is of value 
in cases of rheumatic fever, because of the uniformly low counts, and 
because a marked decrease occurs during the later phase of infection, 
but, as far as the bleeding and coagulation times are concerned, the 
slight variations are so well within normal limits that as isolated tests 
they appear to be of no value. 

Capillary Resistance . — We also sought an explanation for rheumatic 
hemorrhagic phenomena in capillary permeability. A detailed article 
by us®® on the subject of capillary resistance in rheumatic fever is being 
published elsewhere. Therefore, we shall present data which are per- 
tinent only to this report. 

Capillary erythropermeability has been attracting considerable atten- 
tion lately. We have already mentioned the article of Madison and 
Squier®® on the subject. Wilder and Wilbur®^ observed that increased 
capillarj’' fragility is nonspecific, and occurs in a variety of conditions 
other than vitamin C deficiencjL They also showed that patients with 
scurvj’' fail to give evidence of increased capillary fragility. Greene,®® 
in his discussion of the variation in capillary resistance of the same 
children at different times, concluded that a positive reaction to the 
capillary resistance test does not necessarily denote an insufficient intake 
of vitamin C. Zander,®® in his article on infiammatory changes in blood 
vessels, said that bacterial agents, after an increased initial resistance, 
produce a diminished resistance to capillary permeability. When in- 
flammation is present in a sensitized animal the preliminary period is 
shortened and the capillary fragility hastened. KossmaiF® observed that 
artificially induced fever causes an immediate decrease in capillary re- 
sistance. ' Brown"^ noted increased capillary permeability in scarlet 

fever. 
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Out of our group of 100 patients, only eighty had capillary resistance 
studies sufficiently extensive to .be included in this article. We used 
exclusively the simple method described by Dalldorf."*^ We found that 
the Dalldorf capillary resistometer was an effective means of estimating 
accurately and repeatedly the capillary erythropermeability. Abt, 
Farmer, and EpsteiiF® reported that the normal capillary resistance of 
10-year-old children was 23 cm. of negative pressure. The average age 
of the patients in our group was 10.5 years. Our average for the group 
of rheumatic fever iiatients over a period of twenty-two months of study 
was 17.07 cm. of negative pressure. The highest mean capillary resist- 
ances were recorded in September, 1939 (24 cm.), and in September, 
1940 (23 cm.) ; the lowest were noted in March, 1939 and 1940, when 
they were 13 and 12 cm., respectively (See Graph I (?). The latter 
coincided with the onset of rheumatic activity and remained at a low 
level until May of both years, when clinical and hematologic improve- 
ment occurred. 

Forty-six estimations of erythropermeability wore made during four- 
teen attacks of acute rheumatic fever. The mean capillary resistance 
of ill children ivas 16.85 cm., and that of well patients averaged 17.3 
cm. (See Graph II (?). The capillary resistance of the boys was 17.3 
cm., and, of the girls, 16.7 cm. The greatest capillary permeability was 
noted in forty-three children who had had repeated nosebleeds. Their 
capillary resi.stanee ivas only 16.6 cm., whereas that of those who had 
had no bleeding was 18.6 cm. 

These data are presented in Table VI. 


Table VI 


total NUJtBER OF PATIEXT.S, SO 

BOYS, S!) 

GIRLS, 41 

Average for tlie Group 

17.07 cm. 

Sigma 6.05 

Average for the Boys 

17..30 cm. 

Sigma 6.60 

Average for the Girls 

16.70 cm. 

Sigma 6.00 

Average for the Bleeders 

16.60 cm. 

Sigma 5.05 

Average for the Nonbleeders 

18.60 cm. 

Sigma 7.75 


COMMENT 

Our study corroborates the prevailing opinion that the erythrocyte 
sedimentation rate is the most delicate nonspecific indication of rheu- 
matic infection. In using it, allowance must be made for the premen- 
strual period, and also for acute anemias, which we did not encounter 
in our group of patients. The mean E. S. R. of menstruating girls is 
higher than that of girls under puberty and of boys. 

The E. S. R. is valuable as an isolated test because of its sensitivity 
to the presence of infection and because of its well-established normal 
values. In thirty-three of our thirty-five cases of acute rheumatic fei'er 
the E. S. R. was abnoxmal at the outset of the attack; in one case it 
rose late ; and in only one did it never rise, even in’ the presence of 
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Other hematologic and clinical evidences of infection. Many transient 
upper respiratory infections in onr cases were accompanied by a mod- 
erate rise in the E. S. R. but it would fall to normal within a few days. 
When an upper respiratoiy infection ushered in an attack of rheumatic 
fever, the E. S. E. would remain accelerated or would continue to rise 
after the symptoms of the cold had subsided. A single E. S. R. estima- 
tion when the patient is not menstruating indicates merely the presence 
or absence of an infection, and, even when the child is kno^vn to be rheu- 
matic, does not necessarily indicate an exacerbation of the disease, but 
often just the presence of an intercurrent infection. Only the trend 
of the E. S. B. curve, together with other clinical and laboratory aids, 
has diagnostic importance. In eases of acute rheumatic fever, the 
E. S. R. takes, on an average, two months to return to normal. When 
the E. S. R. returns to normal in the course of a few da^^s, or even two 
weeks, it means that the patient has had an infection other than rheu- 
matic fever. 

The nonfilamented neutrophile count is an important diagnostic 
criterion of infection. It is not so sensitive as the E. S. R., but has the 
advantage that an increase in the nonfilamented cells is always evidence 
of infection, and often a severe one. With most transitory colds, the 
Schilling count in our cases remained normal, whereas the E. S. R. 
was moderately accelerated. We found that a cold which was unaccom- 
panied bj’- an increase in the nonfilamented cells gave us less cause for 
concern than one accompanied by a count above 10 per cent. During 
acute attacks of rheumatic fever the nonfilamented cell count closely 
paralleled the trend of the sedimentation rate, except in the terminal 
stages, when it returned to normal sooner than the E. S. R. A normal 
Schilling count does not mean that infection is absent, but it does 
mean that either the infection is trivial or is just beginning, and that 
there is, as yet, no effect on the bone marrow. 

The hemoglobin level is an unreliable standard of activity, if used 
as an isolated test. Only the trend of the hemoglobin curve has sig- 
nificance in a given case. In evaluating the intensity of infection with 
the aid of hemoglobin estimations, the question should ahvays be asked; 
what is the patient’s average hemoglobin level during periods of I’heu- 
matic inactivity? The average, not the maximum, should be taken for 
comparison, because even in health the hemoglobin exliibits marked 
variations. Very few of the children in our series had a hemoglobin 
under 59 per cent, but many showed a sudden and significant fall, 
amounting to 15 per cent, during an acute infection. Hence a single 
estimation is riseless, and only repeated estimations which indicate a 
downward trend in liemoglobin may be considered significant. 

In our effort to account for the liemorrhagic phenomena of rheumatic 
fever, our attention was first turned to tlie blood platelets. Of 823 
counts on the entire group of patients, 66.93 per cent were below 200,000, 
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and only 4.38 per cent were above 250,000. We wish to draw special 
attention to this shai’ply subnormal platelet count in children who are 
subject to rheumatic fever; it characterizes the quiescent state as well 
as the acute. There was no difference between the boys and the girls in 
this respect. The presence of an acute infection produced a sharp 
decrease in the platelets only toward the end of the attack, and this 
was followed by a rapid rise. 

The estimation of bleeding and coagulation time shed little light on 
the bleeding tendency of rheumatic fever patients. Both showed marked 
seasonal variations which were coincident with peaks of infection, but 
these variations were so obviously normal that for diagnostic purposes 
they had no significance. As in the case of hemoglobin, knowledge of 
the average bleeding and coagulation times for each patient during the 
quiescent period is of importance in appreciating the variations during 
disease. 

We found that the estimation of capillary resistance ivas important 
in the diagnosis of the rheumatic state. The test is easy to perform, 
normal values are known, and hoth patients with active and inactive 
rheumatic disease show considerable deviations from tlie normal. The 
lowest capillarj’’ resistances were observed in children who had had 
repeated attacks of epistaxis. The capillary resistance displayed marked 
seasonal variations; the lowest erythropermeability occurred during 
the spring months, when the incidence of rheumatic fever attacks was 
greatest. 

It appears that the hemorrhagic tendency of the iheumatic state may 
be explained by (1) the generally low blood platelet level, with further 
reduction during the acute phase of the disease, and (2) the increased 
capillary erythropermeability of all rheumatic fever i^atients, especially 
those who are prone to nosebleeds and have acute attacks of fever. 

CONCLUSIONS 

Seven tests are enumerated below in the order of their diagnostic 
significance. 

1. The erythrocyte sedimentation rate is the most delicate means of 
detecting the presence of an infection, even a trivial one. In the absence 
of clinical manifestations, it is an error to assume that rheumatic infec- 
tion is present when an elevation of the sedimentation rate is the only 
abnormality. The E. S. R. is accelerated when there is anemia and 
befoie mensti nation. It is important as a routine test in cases of known 
rheumatic disease, and is even more valuable in following the course 
of an acute attack. 

2. The nonfilamented neutrophile count is not so delicate a test 
as the sedimentation rate, but .should he used routinely on all patients 
with rheumatic fever, because an increase in the number of nonfila- 
mented neutrophiles always indicates the presence of an infection, 
often a severe one. As an isolated test it is important. 
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3. The capillary resistance is next in diagnostic importance, not 
only because of the generally increased erytliropermeability of rheumatic 
fever patients, hut also because of the marked variations in the active 
and inactive phases of the disease. It is lowest in cliildren who are 
prone to hemorrhagic phenomena. 

4. Sixty-six and ninety-three hundredths per cent of the platelet 
counts on our patients were helow 200,000 per c. mm. There is a pro- 
gressive reduction of platelets during the initial phases of an acute 
attack, with a marked fall during the later weeks, followed by a rapid 
rise. 

5. The hemoglobin estimation is not important as an isolated test 
unless the trend of the hemoglobin curve of the patient is known. 

6. and 7. Coagulation and bleeding time estimations offer no aid in 
tlie diagnosis of rheumatic fever because their variations are practically 
always within normal limits, although in acutely ill patients they tend 
to show high normal values. 
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VENOUS PRESSURE RESPONSES TO EXERCISE 
Preliminary Report 

P. SZEKELY, M.D. 

London, England 

■^HE main reason wiiy measurement of the venous blood pressure is 
A not adapted to routine clinical use is that the results obtained by 
the usual technique are not sufficiently reliable to be of great clinical 
impoidanee. Venous pressure readings on normal persons, as recorded 
by different authors, show a wide variation. The range of this varia- 
tion is still greater when different methods are compared. In many 
cases of heart disease with decreased functional capacity of the cardio- 
vascular system, the venous pressure at rest is within normal limits, and 
it rises only when there is clinical evidence of congestive heart failure. 
Certain American authors^ stated recently that, in their experience, 
venous pressure measurements have been of little diagnostic aid in 
borderline cases of congestive heart failure. 

For this reason, efforts have been made to devise a method of meas- 
ing the venous pressure during and after bodily exercise, in order to 
obtain a more reliable evaluation of the pathophysiologic events in the 
cardiovenous system. 

^^enous pressure responses to exercise have been investigated by 
Hooker,® Schott,® Villaret, and others,®’ ® Bedford and Wright,® White, 
Barker, and Allen,’^ Schneider and Collins,® and, recently, by Nieuwen- 
huizen.® AU these authors observed a rise of venous pressure with 
muscular exertion which lasted usually throughout the whole period of 
the activity. White, Barker, and Allen’^ found in normal subjects that 
the venous pressure rose a few centimeters of water during exercise. 
It fell to, or below, the control level immediately on cessation of the 
exercise. Subjects with congestive heart failure had a high resting 
venous pressure, which rose considerabh'^ on exercise and did not re- 
turn to normal when it ceased. Nieuwenhuizen® followed the venous 
pressure for ten minutes after exercise, and arrived at the conclusion 
that in normal subjects the venous pressure falls to its resting level 
within fifteen seconds after exercise. He observed in cases of slight 
congestive heart failure that the resting value was normal, and that 
only the response to exercise betrayed the pathologic condition. 

This preliminai’}^ report is based upon 122 exercise tests on eighty 
patients. The group is small, and the purpose of this article is not to 

From the Cardiac Clinic of the Medical Faculty of Paris. 

Received for publication Jan. 4, 1941. 


360 



SZEKELY: VENOUS PRESSURE RESPONSES TO EXERCISE 361 

draw conclusions, but to record our observations. We believe that the 
results we obtained may be of interest and value for further investi- 
gations. 

METHOD 

We employed the air-filled system, with an aneroid manometer. This method is 
suitable for clinical use, and even for serial measurements lasting some minutes, when 
technical precautions are strictly maintained. For details of the technique, reference 
sliould be made to the works of Villaret, and others,io and Bedford and Wright.^ 
After having ascertained the resting value, the subject was told to raise, successively, 
the right and left leg ten times each, keeping the upper part of the body as still 
as possible. The venous pressure was taken immediately on cessation of the exercise, 
and then thirty seconds, and one, two, and three minutes after it ceased. In this 
way a venous pressure curve consisting of six readings was obtained. In some cases, 
the communication between manometer and vein was maintained during the whole 
experiment, even during exercise, and the readings so taken were compared with those 
obtained on the same subjects when communication had been interrupted, and re- 
stored only at the moment of the measurements. No differences were found. The 
needle, the metal nozzle, and the short piece of rubber tubing were syringed with 
3.8 per cent sodium citrate solution just before the experiment, in order to avoid 
blood coagulation. The blood usually remained fluid until the end of the experi- 
ment (four to five minutes) ; if it did not, which happened very rarely, the results 
were rejected. 

RESULTS 

In eight eases, in which there was neither clinical nor electrocardio- 
graphic evidence of heart disease, the resting venous pressure was nor- 
mal (from 6 to 12 cm. of water). It rose about 2 to 5 cm. of water 
during exercise, and returned to the basal level within thirty seconds 
after exercise was stopped (see Fig. 1). These observations are in 
agreement with those of White, Barker, and Allen,'" and Nieuwen- 
huizen.® 
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Time in minutes 

Pig. 1.— Normal venous pressure response to exercise. 

In thirty-eight out of fifty-four cases (70.3 per cent) in which there 
was clinical evidence of congestive heart failure, the resting venous 
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pressure was increased (above 12 cm. of water), and the response to 
exercise was a pathologic one, irrespective of tlie nature of the cardiac 
disease. The venous pressure shoived a greater rise during exercise 
and it either returned to the initial level more slowly than in normal 
subjects, or not at all during the period of observation. In twelve of 
the sixteen cases of this group in which the resting values were normal, 
the venous pressure curve after exercise was pathologic in the sense 
mentioned above, which was in keeping with the clinical evidence of 
venous engorgement. In four eases, both the resting value and that 
after exercise were within normal limits. 

Of eighteen patients witli heart disease without any clinical evidence 
of congestive heart failure and with a normal venous pressure at rest, 
eight exhibited a normal response to exercise. In the remaining ten 
cases, the venous pressure rose considerably during exercise and fell 
below the initial level after it. This fall of the venous pressure after 
exercise has been noted by Nieuwenhuizen,® who explained it as a regu- 
lative mechanism. He stated that this kind of response may indicate 
latent congestive heart failure. 

In our experience, auricular fibrillation, per se, does not alter the 
venous pressure. In our cases of auricular fibrillation, the venous pres- 
sure was increased only when the fibrillation was associated with con- 
gestive heart failure. However, in eases of auricular flutter the venous 
pressure seemed to be rather subject to pathologic ‘alterations. It is 
difficult to explain this observation. The question whether the mecha- 
nism of auricular flutter, per se, is able to alter one or more factors 
which are responsible for the maintenance of normal periifiieral venous 
pressure requires further investigation. 

ILLUSTRATIVE CASES 

Case 1. — L. P. was a man, aged 60, who had ]ieart sounds of poor quality and a 
presystolic gallop rhythm. His blood pressure was 190/100. There was no evidence 
of venous engorgement. Eoentgenologically, the left ventricle was enlarged. The 
electrocardiogram showed complete A-V heart block. The blood IVassermann re- 
action was negative. The venous pressure was normal at rest, and fell below the 
initial level after exercise (Fig. 2). Diagnoses: complete heart block, probably 
caused by coronary sclerosis ; no clinical signs of congestive heart failure ; venous 
pressure normal at rest, with a pathologic response to exercise wliich may have in- 
dicated a decrease in the functional capacity of the cardiovenous system. 

Case 2. — M. S. was a woman, 40 years of age, who had the auscultatory signs of 
mitral stenosis and aortic incompetence. Her pulse was irregular. The blood pres- 
sure measured 110/50. There was venous engorgement in the neck, rales were heard 
over the basal portions of the lungs, the liver was slightly enlarged, and there was 
slight edema of the lower extremities. Eoentgenologic examination showed that the 
heart was symmetricallj' enlarged. The electrocardiogram revealed auricular fibrilla- 
tion and low A’oltage of the QES complexes. The venous pressure at rest was slightly 
above normal; it showed a pronounced rise during exercise, and did not return to 
the initial level until three minutes after exercise (Fig. 3). Diagnoses: rheumatic 
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mitral stenosis and aortic incompetence, with clinical signs of congestive heart 
failure. The venous pressure readings and clinical manifestations were in agree- 
ment. 




Time in minutes 


Fig. 2. Fig. 3. 

Fig. 2. — Normal venous pressure at rest. Pathologic response to exercise ; pro- 
nounced rise and fall below the initial level. 

Fig. 3. — Slightly increased venous pressure at rest. No return to the initial level 
until three minutes. Evident pathologic response to exercise. 



Time in minutes 

Fig. 4. — Normal venous pressure curve both during fibrillation (solid line) and sinus 

rhythm (dotted line). 

Case 3. — J. E. rvas a 39-year-old man who had auricular fibrillation without any 
evidence of a valvular lesion. There were no signs of congestive heart failure. The 
blood pressure was 120/80. Eoentgenologieally, the heart was normal in size and 
shape. The electrocardiogram showed auricular fibrillation, rvith normal ventricular 
complexes. Tlie administration of quinidine abolished the auricular fibrillation. 
The venous pressure curve was normal both when he had fibrillation and after normal 
sinus rhythm had been restored (Fig. 4). Diagnoses: auricular fibrillation of un- 
certain etiology; no clinical evidence of conge.stive heart failure; normal venous pres- 
sure. 

Case 4. J. G., a 45-year-old man, had auricular flutter and no clinical manifesta- 
tions of congestive heart failure. The blood pressure was 115/80. Eoentgeno- 
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logically, the heart was normal. An electrocardiogram wldch was made after cessa- 
tion of the auricular flutter showed sinus rhythm, with T-wave inversion in the 
standard leads. The details of the venous pressure measurements are shown in 
Fig. 5. Diagnosis: paroxysmal auricular flutter, probably caused by coronary 
artery disease. The venous pressure was abnormally high at rest when flutter was 
present, and showed a pathologic response to exercise; after sinus rhythm became 
re-established the resting value was normal, and the response to exercise was nearly 
normal. 



Time in minutes 

Fig:. 5. — Pathologic venous pressure curve during auricular flutter (solid line). Nearly 
normal venous pressure curve during sinus rhythm (dotted line). 

DI.SCUSSION 

It is well known that exercise is accompanied by an elevation of the 
venous pressure. It may be emphasized that tlie degree of this eleva- 
tion and the time necessary for the venous pressure to return to its 
basal level after exercise seem to be important factors in evaluating- the 
functional capacity of the cardioA’^enous system. 

In our normal subjects there Avas only a slight rise in A'enous pressure 
during exercise (about 1 to 4 cm. of Avater), and it reached its initial 
level Avithin tiiirty seconds after exercise and never fell beloAv it. 

In some cases of lieart disease Avithout any clinical signs of conges- 
tiA^e heart failure, the resting Anlue Avas Avithin normal limits, but in 
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tlie exercise experiment, after a rise of several centimeters of nmter, 
the venous pressure dropped below the initial level. White, Barker, 
and Allen'^ and Nieuwenhuizen'* foiind that there was a slight fall beloAV 
the basal level after exercise, not exceeding 1.5 cm. of water (Nieuwen- 
huizen), even in healthy young people. A greater fall below the orig- 
inal level was considered by Nieuwenluiizen as a pathologic reaction, 
and our observations support this view. It is open to question whether 
the fall of venous pressure below the initial level after exercise is due 
more to retrograde influences from the heart than to temporary changes 
in peripheral vascular tonus. Hooker” stated that local changes in 
vascular tonus caused no noticeable changes in venous pressure, and 
he concluded that venous pressure is normally independent of periph- 
eral vascular resistence. The peripheral venous pres.sure is independ- 
ent of factors affecting the peripheral vascular system or the blood 
flow therein, provided the heart is full}’- competent, as has been pointed 
out by Byster and Middleton.^^ On the other hand, it is difficult to 
regard this fall of the venous pi-essure below the initial level after exer- 
cise as the result purely of some cardiac factor. We have observed it, 
however, only in eases of heart disease without clinical evidence of con- 
gestive failure. We believe that this response of the venous pressure 
to exercise may be explained by a decrease of the venous tonus in the 
presence of potential cardiac insufficiency. 

In cases in which there was clinical evidence of congestive heart 
failure, the resting value was usually high, there was a considerable 
rise on exertion, and it took a longer time to return to the initial level 
than in normal subjects. 

SUMMARY 

The venous pressure, if measured only once, with the patient at rest, 
gives no satisfactory clinical information. The results of measuring 
the venous pressure during and after exercise enable one to make a 
more reliable evaluation of the functional capacity of the cardiovenous 
system. 

The air-filled system for measuring the venous pressure with an 
aneroid manometer is a sound method, and is reliable enough for routine 
clinical use when technical precautions are strict. 

The different types of venous pressure curves which were obtained 
in the exercise experiments are discussed. 

I wish to express my gratitude to Professor Laubry, Head of the Cardiac Clinic, 
for his constant help and suggestions in the preparation of this paper. I also de- 
sire to thank Dr. J ohn Parkinson of London, England, who kindly read the manu- 
script and made many suggestions for its improvement. 
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THE ACTION OP CALCIUM ON THE HUMAN 
ELECTROCARDIOGRAM 


Norjian E. Clarke, M.D. 

Detroit, Mich. 

T he continued response of heart muscle to stimuli depends upon 
calcium, and excessive amounts of calcium in a perfusion medium 
will completely suspend relaxation. Billigheimer'^ found that calcium 
makes the heart’s contractile elements more powerful, i.e., that it has 
an inotropic and also perhaps a hathmotropic effect. After having per- 
formed experiments on animal s. Kolm an d PiclC believed that -calcium 
paralyzed the auricles and increased the irritability of the ventricles. 
The cardiotonic action of calcium was investigated by Danielopolu, 
et ah,® who thought that the diuresis which followed calcium therapy 
resulted from the action of the drug on the heart, but Loewenberg* re- 
garded the diuretic and cardiac effects as independent. 

We have studied the action of calcium on the human heart with the 
electrocardiograph — a method used by Berliner.® A 2 per cent solution 
of calcium chloride was used in most of our experiments, but in some 
a 10 per cent solution was used. Prom 45 to 75 grains of the drug Avere 
given intravenously over a period of tiiree to twenty-one rqinutes. The 
rapidity of administration, or^the concentration of the drug in the blood 
stream, determines the effect. One to four grams of calcium chloride 
were given intravenously by Ameuille and Rist® in treating abdominal 
tuberculosis. The number of our experiments Avas limited because of the 
risk entailed by the doses Ave used, the difficulty of finding human sub- 
jects AAdio Avere Avilling to undergo such experimentation, and our oaaui 
reluctance to subject many to such a procedure. 

A fairly constant train of symptoms Avas observed. The patients 
complained oi intense finshing, ox beat, palpitation increasing in inten- 
sity, a sense of;*;oppression in breathing, nausea, a metallic taste, pro- 
fuse perspiration, marked dyspnea, occasional Anmiting, faintness, Aveak- 
ness, and a feeling of pressure over the upper sternum, Avith a dull 
general headache. Some of these symptoms are to be explained by the 
dynamic action of rapid intravenous administration. 

Reports vary as to the effect of calcium on the blood pressure. We 
found, uniformly, an elevation of the systolic, and usually a depression 
cof the diastolic, levels. These changes Avere transient ; normal pressures 
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Pig-. 1. — Case 1. Electrocardiogram shows sinus arrhythmia, slowing of the rate, and 

a decrease in the size of the P waves. 
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Fig. 2A . — Case 3. The heart rate is decreased ; the P waves become smaller and 
occasionally are inverted: and ventricular extrasystoles of large voltage, and also 
Si°ar extralystoles, appear. The size of the R waves is much ncreased ; smus 
arrhythmia is more pronounced, and the pacemaker shifts to a lover ie\ei. 
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returned within thirty minutes to one liour, and the maximum fall oc- 
curred within a few minutes after the administration of calcium was 
stopped. 

CASE REPORTS 

Case 1. — A male pliysiciau, aged 34 years, wlio was in good health and had a 
normal heart, was the subject of our first and least satisfactory experiment. A total 
of 40 grains of calcium chloride in a 2 per cent solution was administered in- 
travenously within twenty-one minutes. The appearance of palpitation, faintness, 
nausea, and vomiting required the discontinuance of the drug. There vras no diuresis. 
The initial blood pressure was 135/80. The systolic readings during the administra- 
tion of the calcium were 145 and 165, and the diastolic, 70 and 65, mm. Hg. The 
systolic pressure was 145, and the diastolic, 75, mm. Hg thirty minutes after the 
administration of calcium was stopped; the readings were normal within one hour. 
These changes were probably exaggerated by the anxiety associated with the proce- 
dure. 

A continuous electrocardiographic record (Lead I) was made during the period 
of calcium administration (Fig. 1). 



Eig. 2B. — Case 3. With further administration of calcium, sinoauricular and A-V 
Dlock are present. Most of the P waves become inverted, and all are decreased in 
size. The P-P intervals are shorter, and the apices of the R waves are notched. An 
independent ventricular rhythm intervenes ; the P waves are still present, with oc- 
casional ventricular response to the supraventricular stimulus. 


Case 2. — This was a man, aged 40 years, whose general health was good. This 
patient received 64.5 grains of calcium chloride by vein within eleven minutes. A 
2 per cent solution was used. When 22.5 grains had been given, he complained of 
a metallic taste in his mouth and began to perspire profusely. There was no diuresis. 
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The normal, resting blood pressure was 95/C5. During the injection of tlio calcium 
the systolic readings were 115, 125, 130, and 135, and the diastolic, 65, 65, 64, and 
70 mm. Hg. Within twenty minutes after the withdrawal of the needle from tlie 
vein the blood pressure was 110/70. The electrocardiographic alterations were more 
pronounced than those shown by the first patient. The outlines were more distinct 
and the rate was decreased, but sinus arrhythmia was not so evident. The P waves 
were decreased in size, and became inverted, with a sharpening of their apices. 



Fig:.' 2C. — Case 3. The heart rate becomes more rapid ; the size of the R v’ajms remains 
much increased, and all evidence of auricular activity disappears. 


Case 3. — This patient, aged 45 years, had a chronic discharging sinus on his left 
leg. The cardiovascular examination showed nothing abnormal. He was given 250 
c.c. of a 2 per cent solution of calcium chloride (75 grains) within nine minutes 
by the intravenous route. There were few symptoms. The tracings are chest leads; 
Lead II was used for the continuous tracing. The normal, resting blood pressure 
was 145/90. During the administration of the calcium the systolic readings were 
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150, 150, 180, and 175, and the diastolic, in the same sequence, were 85, 80, 80, and 
75 mm. Hg. The striking changes in his electrocardiograms are sliowm. in Fig. 2A, 
B, C, D. 

In Case 3 the heart rate decreased; sinus arrhythmia appeared; the 
pacemaker was displaced to a lower level; and transient partial and com- 
plete heart block was produced. These changes resemble those pro- 
duced by vagal stimulation. It was observed by Hoff and Nahum," in 
their expei’imental work with rabbits, that suppression of vagal action 
by atropine before the intravenous injection of calcium prevented A-V 
delay and auricular fibrillation. 



Fig. 2D. — Case 3. In the first halt of this series the P waves are again evident : 
some are upright, and others are inverted. In the last half, the idiopathic ventricular 
rhythm resumes, with a short period of bigeminal rhythm ; the extrasystoles are of the 
same form as those in the paroxysm. 

That there is an action on the ventricular muscle seems probable; 
extrasystoles, usuallj^ of large voltage, and series of extrasystoles or 
paroxysmal ventricular tachycardia occur. This type of extrasystole 
persists when the vagus is suppressed by atropine, according to Hoff 
and Nahum,^ which suggests that increased ventricular excitability is 
produced by direct calcium action on the ventricular muscle. 
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In an effort to further differentiate the vagal and direct muscle action 
of calcium chloride, we administered the drug to a patient ivith auricular 
fibrillation. 

Case 4. — man, aged 47 years, witJi rlieumatic heart disease, had had heart 
failure with dependent edema, for five months. He had cardiac enlargement, auricular 
fibrillation, and mitral stenosis. He had received a small amount of digitalis previous 
to the administration of 45 grains of calcium chloride in a 10 per cent solution, 
intravenously, within three minutes. 



Pig-. 3 . — Case 4. Lead I was used. This continuous record was taken during in- 
travenous administration of the calcium solution, but no change js noted in the 
electrocardiogram. 


In this single experiment, the calcium had no detectable effect on the electrocardio- 
gram, i.e., the changes which were noted in cases of sinus rhythm did not occur in the 
presence of auricular fibrillation. A single example does not permit conclusions. 

SUJIMARY 

The intravenous therapeutic use of calcium has advantages and bene- 
fits, but carries definite danger. 

Calcium produces changes in the human electrocardiogram which 
are progressive and depend upon the calcium concentration in the blood 
stream. 
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The earliest and vagus-like actions are bradycardia, sinus arrhythmia, 
shifting of the pacemaker, and various degrees of heart block. 

Calcium may act direct^ upon the ventricular muscle, increasing its 
excitability, and producing foci of idiopathic ventricular rhythm and 
ventricular extrasystoles of large and unusual form. 

The blood pressure was altered; the systolic level was raised, and 
the diastolic usuall3'' was depressed. Accompanjdng psjmhie factors and 
sjanptoms, such as nausea and chest oppression, could account for some 
of the change. 

We observed no diuresis from calcium administration, and the effects 
on the heart itself were very transitoiy. 

In the single case of auricular fibrillation the intravenous administra- 
tion of calcium had no effect on the electrocardiogram. 
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EXPERIMENTAL STUDIES ON THE EFFECT OF TEMPORARY 
OCCLUSION OF CORONARY ARTERIES 

II. The Productiosc of Myocardial Infarction 

Herrman L. Blumgart, M.D., D. Rourke Gilligan, M.S., and 
J\'I0NE0E J. SCHLESINGER, M.D. 

Boston, Mass. 

C LINICAL and post-mortem observations suggest that temporary, 
relative ischemia in the heart may lead to myocardial necrosis and 
persistent eleetroeardiographie changes characteristic of myocardial 
infaretion.^'^ In cases of angina pectoris caused by coronary arterio- 
sclerosis, small areas of myocardial fibrosis are at times found at autopsy 
in the presence of narrowing, but Avithout occlusion, of the arteries 
supplying the affected area. In accord Avith these observations is the 
fact that patients during attaelts of angina pectoris usually sIioav tempo- 
rary electrocardiographic changes of the type seen in myocardial in- 
farction. 

The experimental investigation reported here Avas designed to ascer- 
tain the duration of the localized ischemia caused by temporary occlu- 
sion of a coronary artery Avhich is necessary to produce myocardial in- 
farction in the dog. The effect of temporary myocardial ischemia on the 
electrocardiogram of the cat has been reported preAuousl.y,'^ and further 
eleetroeardiographie observations on dogs are reported here. 

Considerable information is aAmilable concerning Iioaa’^ long anoxia 
must last in order to cause permanent damage in Amrious parts of the 
nervous sj^stem®"®; almost no exact information is available, hoAvever, 
regarding the period of ischemia required to produce irrcAmrsible myo- 
cardial changes. 

lilATERIAL and METHODS 


Temporary arrest of blood flow by occlusion of a coronary artery for 3.5 to forty- 
five minutes was performed on thirty-four dogs. In five control experiments the 
same operative procedure Avas carried out, witli tlie only exception that actual 
occlusion Avas not practiced. In tAvo additional dogs a coronary artery was perma- 
nently occluded. 


From the Medical Research and Pathology Laboratories, Beth Israel Hospital, and 
the Departments of Medicine and Pathology, Harvard Medical School. 

Some of the observations reported herein were presented at the Fifty-Second Session 
of the Association of American Physicians, jMay, 193/. 
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Operative Procedure.~A\\ operations were performed under aseptic -precautions. 
Anestliesia was produced by intravenous injection of a solution of nembutal in tbe 
amount of 35 to 40 mg. of nembutal per kilogram of body weight. In a few animals, 
small amounts of ether also were required during the course of the experiment. 

With the dog anesthetized and on artificial respiration, the heart was exposed 
through an intercostal incision at the fourth interspace. The left circumflex corouarj 
artery was approached from the right side of the chest; the left anterior descending 
coronary artery, from the left side of the chest. 

A small pericardial incision was made over the site of the arterj’’ to be tied. The 
heart was brought into a favorable operative position by slight traction on hemostats 
placed on the opened edges of the pericardium. The lung in the immediate opera- 
tive field was protected during dissection of the artery by a sponge soaked with 
saline. The coronary artery was carefully and quickly freed from adjacent tissue 
over an area of 2 to 3 mm., and a Ho. 2 catgut ligature was slipped loosely beneath 
it. Veins adjacent to the arter}’ were never included in the ligature. The heart was 
allowed to drop back into the chest and was kept moist with saline. Traction on the 
ligature placed beneath the artery was exerted gently to the point of complete 
occlusion of the artery and was maintained for periods varying from 3.5 to forty- 
five minutes. Then the ligature was removed and the artery massaged for a few 
seconds. The color, force of contraction, and degree of dilatation of the heart were 
observed during the entire procedure. The pericardial incision was sutured in all but 
the first few animals, and the chest was closed. An injection of 200 to 400 e.c. of 
5 per cent glucose in physiologic saline solution was given intraperitoneally. 

Leads I, II, and III of the electrocardiogram were taken before operation. In 
some experiments, additional tracings were taken during various phases of the opera- 
tive and occlusive procedures. In all cases, the three leads were taken at the end of 
the operation, again a few hours later, and at intervals of one to three days until the 
animal was sacrificed. A No. 2 Hindle electrocardiograph was utilized. 

The animals were sacrificed from five hours to forty days postoperatively. With 
the animal under nembutal anesthesia, the chest was re-opened and the heart was re- 
moved intact in the pericardium. The pericardium w-as removed on the dissecting 
table ; adhesions of the pericardium to the heart at or near the operative site were ob- 
served in approximately one-half of the experiments, both in the control group and in 
the group in wdiich teniporary occlusion of an artery had been made. In everj' 
instance the artery which had been occluded temporarily was carefully probed past the 
point where the ligature had been passed. The artery and its branches were then 
laid open as far as possible and examined, frequently under the dissecting microscope. 
In two animals the lumen of the artery was found narrowed at the point of traction ; 
these experiments were discarded. In the reported cases, including both the control 
cases and those in which temporary occlusion was practiced, the lumen of the artery 
which had been temporarily occluded contained no thromboses, fresh or organized, 
show'ed no narrowing at the operative site, and the intima was smooth and glisten- 
ing throughout the entire observable length. Likewise, no obstruction was found 
in the other main arteries in any animal. 

The heart was examined over its entire epicardial surface for macroscopic evidences 
of pathologic changes, and rvas laid open for examination of the endocardium. Fre- 
quent parallel cuts were then made through the cardiac musculature, and the surfaces 
of these carefullj- examined. 

Blocks of tissue were removed for microscopic study from the area of the myo- 
cardium supplied by the artery which had been temporarily occluded, and also from 
a portion of the ventricle supplied by another main coronary artery; these latter 
blocks served as a control. 
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RESULTS 

Conti' ol Experiments 

In five control experiments the entire operative procedure was per- 
formed, with the exception that the ligature, after being placed heneatii 
the artery, was removed after several minutes without occlusion of the 
vessel. The animals were sacrificed from one to thirty-five days post- 
operatively (Table I). 

Electrocardiographic Observations . — Changes in the direction of the 
T waves of Leads II and III from upright before operation to inverted 
in one or more of the postoperative tracings occurred in four of the five 
control experiments; in the fifth (Dog 68), T, and Tg were inverted 
preoperatively and showed a greater degree of negativity postop- 
eratively. The S-T segment of Leads II and III changed from the iso- 
electric level of the preoperative tracings to +1.0 or +1.5 mm. in four 
of the experiments, and to -1.0 mm. in the fifth (Dog 65). Similar 
changes have been reported bj*- others.®* No ectopic beats were ob- 
served in any of the tracings. 

Morphologic Observations . — No gross or microscopic evidences of 
cardiac infarction were found in any of the five control experiments 
(Table I). Further, in none of the hearts were there any evidences of 
lesions in the control areas supplied by intact arteries. 

Temporary Occlusion Experiments 

.Occlusion of a coronary artery for 3.5 to forty-five minutes was 
performed on thirt.y-four dogs. Within tiie first minute of occlusion of 
an artery, the mjmcardium supplied by it appeared cyanotic, and the 
force of contraction of this area soon diminished. Dilatation of the 
affected cyanotic area was obvious during tlie latter part of the longer 
occlusions. Irregularities of the heartbeat Avere observed frequently. 
On re-establishment of blood supply, the affected mjmcardium quickly 
resumed its normal color. Normal pulsation and reappearance of nor- 
mal color of the artery distal to the point of occlusion Avere observed 
inAmriably. 

Extrasystoles and V entricular Fibrillation. — ^In approximatelj’’ one- 
half of the experiments, isolated ventricular extrasystoles occurred 
during occlusions, or Avithin the first feAv minutes after re-establishment 
of blood floAV. In several experiments, isolated extrasystoles Avere seen 
in electrocardiograms Avhich Avere taken on postoperatiA’^e days. 

Ventricular fibrillation, AAdth subsequent death, occurred in eight 
animals; in four of these, fibrillation dcA’^eloped during the first five 
minutes of occlusion, and, in the other four, Avithin a fcAV seconds 
after re-establishment of blood floAV folloAAdng occlusions lasting fifteen 
and thirty minutes (Table I). In seA*^en of these animals the left 
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Table I 


Effects of Tempokaey Coronaby Arterial Occlusion on Dogs 



! 

buration 

PERSISTENT 

ELECTRO- 

buration of 

ELECTRO- 
CARBIO- j 

SACRIFICE 

OF 

aiyocarbial 

LESIONS 

BOG 

NO. 

artery 

OCCLUBEB* 

OP 

OCCLUSION 

(MIN.) 

CARDIO- 

GRAPHIC 

ABNORMALI- 

TIES* 

graphic 

j ABNORMALI- 
1 TIES 1 

(BAYS) 

ANIMAL 

(time 

POSTOPERA- 

TIVELY) 

GROSS 1 
EVI- 

BENCESt 1 

[ MICRO- 
1 SCOPIC 

1 EVI- 

BENCES 


Animals Sacrificed 4 io 40 Days Post operatively 


14 

LC 

5 

-1- 

4 

4 

dayst 

0 


15 

LC 

10 

0 


34 

daj'S 

0 

0 

17 

iLC 

10 

0 


40 

days 

0 

0 

13 

LC 

10 

-I 

11 

11 

days 

0 

0 

7 

LAD(B) 

20 

+ 

22 

,22 

days 

0 

0 

19 

LC 

20 

-h 

12 

34 

days 

0 

-1 

21 

LC 

20 

1 4 

2)1 

1 4: 

dayst 

1 « 


22 

LC 

25 

1 4 

10 

,22 

days 

-I 1 

■4 

23 

LC 

30 

0 


22 

days 

-f 

-4 

3 

LAD 

30 

0 


8 

days 

0 1 

0 

9 

LAD(B) 

30 

+ 

14 ! 

14 

days 1 

-t 

■4 

2G 

R(B) 

35 

-t- 

7 

13 

days 

0 

-4 

8 

LAD(B) 

40 ; 

+ 

18 

18 

days 

•f 

-4 

29 

LC ' 

45 ' 

0 


7 

days 

+ 4- 

■4 

27 

LC 

45 

+ 

10 

13 

days 

-f + 

■4 

53 

LC 

45 

0 


14 

days 

0 

0 

54 

LC 

45 

-1- 

14 

17 

days 

-1 + 

+ 

55 

LC 

45 

-t- 

16 

16 

days 

+ + 

■4 


Sacrificed 4.5 to £S Hours Postoperatively 


51 

LC 

15 

0 


20 hours 

Edema 

0 

52 

LC 

15 

-4 


28 hours 

Edema 

0 

58 

LC 

20 

0 


24 hours 

0 

0 

61 

LC 

20 

0 


26 hours 

0 

■4 

62 

LC 

30 



4.5 hours 

0 

0 

63 

LC 

15 



5 hours 

0 

0 

69 

LC 

45 



4.5 liours 

0 

0 

70 

LC 

45 



4.5 hours 

0 

0 


Died of Ventricular Fibrillation During Operation 


24 

LC 

34 





1 0 

18 

LC 

4 






59 

LC 

44 






20 

LC 

5 






12 

LC 

15 





0 

28 

LC 

15 






50 

LC 

15 





0 

10 1 

LAD(B) 

30 




1 

0 


Control Experiments 


65 

LC§ 


0 

IHIHHI 

1 

M SH 

0 

0 

67 

LC§ 


0 


1 

E 

0 

0 

68 

LC§ 


0 


6 

E ^9 

0 

0 

66 

LC§ 


0 


13 

E ^9 

0 

0 

16 

LC§ 


0 



EBb9I 

0 

0 


LC, left circumflex artery ; LAD, left anterior descending ; R, right artery • B 
branch of a main coronarj' artery. ' 


*In this analysis, + signifies electrocardiographic clianges characteristic of myo- 
cardial ischemia of a character and degree not observed in control experiments. See 
text for changes in controls which are tabulated here as 0. 

Animal died. 


• t.t to numerous tiny areas (2 to 4 mm. in diameter) of fibrosis - + + 

signifies flbrotic areas of considerable size up to % left ventricle grossly included. ’ 
ilLast electrocardiogram taken before death. 

SLigature placed under artery and withdrawn without occluding artery. 
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circumflex artery had been occluded, and in one, a brancli of the left 
anterior descending arterjL Isolated ventricular extrasystoles during 
the period of occlusion occurred more frequently in animals which suhsc"^ 
quentlj" developed ventricular fibrillation. 




Electrocardiographic Changes . — Twelve of the eighteen dogs on 
which electrocardiograms were made during the postoperative period of 
four to forty days showed persistent changes t3^pical of myocardial 
ischemia and different in character and degree from those which occurred 
in an}’- of the control experiments (Table I). They consisted in more 
marked aberrations of the S-T segment, with coving, notching, and 
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other deviations in QRS complexes, and extrasystolic irregularities 
(Figs. 1, 2, and 3). The maximmn changes in the S-T segment nsually 
were observed during the first to fourth postoperative days ; the changes 
persisted for several days to weeks after operation. The type, anterior 
or posterior, of these electrocardiographic changes varied, depending 
upon which artery was occluded (Pigs, 1, 2, and 3). 



The occurrence of these postoperative electrocardiographic changes 
was related neither to the duration of occlusion, as produced in these 
experiments, nor to the presence or absence of an infarct. Although 
eight of the ten animals which developed myocardial lesions likewise 
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showed electrocardiographic changes in one or more of the standard 
three leads, four of the eight whose hearts were free from pathologic 
changes showed similar eleetroeardiographie abnormalities. It is im- 
portant in this connection that all of the animals in which occlusion 
was produced showed changes in the T wave and S-T segment, but that 
only the changes which were different from, or much greater than, those 
observed in any of the control experiments were considered as definitely 
due to the effects of occlusion. 



Pathologic Changes.— Myocardial lesions were usually not detect- 
able, either by gross or microscopic examination, in those dogs which 
were sacrificed from 4.5 to twenty-eight hours after temporary arterial 
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occlusions lasting fifteen to forty-five minutes. No gross or microscopic 
evidences of myocardial lesions were found in six of the hearts of- the 
seven dogs which were subjected to temporary occlusion of the coionary 
artery for twenty minutes or less, and survived for four or more days. 
In the one exception (Dog 19) the artery had been occluded for twenty 
minutes, and the animal was sacrificed thirty-four daj^s later. This 
myocardium showed a few, tiny, fibrotic scars which were detected only 
microscopically. 



Fig-. 4. — ^Dog S. Photomicrograph of portion of myocardium supplied by a branch 
of the left descending coronary artei-y -which had been occluded for forty minutes 
eighteen days before sacrifice of tlie animal. Note portions of several large areas in 
a healing infarct, with collapse of the vascular stroma subsequent to the loss of 
myocardial fibers. These areas are infiltrated with pigment-laden monocytes and 
lymphocytes. An organized endocardial thrombus is present. 

Only two hearts with no evidences of myocardial lesions (Table I, 
Dogs 3 and 53) were found among the eleven dogs in. which the tempo- 
rary occlusion had been maintained for twenty-five or more minutes and 
the dogs allowed to survive for seven or more days. In tlie other 
nine hearts of this group, myocardial damage was found in the area 
supplied by the artery ivhieh had been temporarily occluded; in one 
heart, only microscopic lesions were noted (Dog 26) ; in the other eight 
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(Table I), the lesions were readily detected on gross examination. In 
four hearts (Dogs 8, 9, 22, and 23), in Avhieh the occlusion had been 
maintained for twenty-five to forty minutes, the lesions consisted of one 
to numerous tiny areas (2 to 4 mm. in diameter) of gray, depressed 
tissue embedded in the myocardium. In the other four hearts (Dogs 27, 
29, 54, and 55), however, in which the occlusion had lasted forty-five 
minutes, an area of considerable size, amounting to as much as one-third 
of the left ventricle, appeared, grossly, to be involved. Such large 
regions usually had fairly well-defined borders and appeared swollen, 
^mllowish, and more opaque than the unaffected myocardium. 

The gross evidences of myocardial damage were in each instance con- 
firmed by the microscopic examination. In general, .the microscopic 
characteristics were similar to those which are seen after permanent 
ligation of the coronary artery of the dog. The time relations between 
the various microscopic changes and the interval after operation agreed 
closely with those observed by Mallory, "White, and Salcedo-Salgar^^ 
in their studj'’ of human cardiac infarcts. The type of lesion which was 
found after forty minutes of occlusion and eighteen days’ survival is 
shovui in Pig. 4. In some of these hearts (Dogs 8, 27, 29, 54, and 55), a 
lesion was found which the above authors did not describe, and which we 
have not noted in infarcts in human hearts. This lesion consisted of 
an outlining by calcium deposition of the structural details of isolated, 
individual, myocardial fibers. 


COMMENT 

Myocardial and Electrocardiographic Changes Which Result From 
Experimental, Temporary, Coronary Occlusion 

Previous studies in this laboratory showed that temporary myocardial 
ischemia in cats, produced by occlusion and subsequent reopening of the 
left anterior descending coronary artery, causes electrocardiographic 
changes which persist for days after re-establishment of the blood sup- 
ply.®’ The postoperative electrocardiographic changes were usually of 
the anterior infarction type, corresponding to the vessel temporarily 
occluded, and were similar to those observed during occlusion. As re- 
ported here, occlusion of a coronary artery in dogs for periods of five 
to forty-five minutes also usually caused electrocardiographic changes 
which persisted for da^^s to weeks; there was no close relation between 
the degree of electrocardiographic change and the magnitude of the 
myocardial lesion. 

In the earlier studies, none of tlie cats in which temporary coronary 
occlusion was maintained for periods of five to tiiirty-five minutes showed 
gross or microscopic evidences of cardiac infarction which could be at- 
tributed to the temporary ischemia.® In many of the hearts of the con- 
trol eats, as Avell as of the experimental animals, microscopic examination 
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revealed small fibrotic lesions scattered thronghont the myocardium.® 
For this reason, dogs, in which spontaneous myocardial lesions were not 
encountered, were chosen for a continuation of these studies. The 
duration of the arterial occlusion ivas lengthened, and the postoperative 
survival pei’iod was increased. In dogs, coronary arterial occlusions 
lasting twenty-five to forty-five minutes usually resulted in grossly 
detectable myocardial lesions, ivhereas, after occlusions of twentj’’ min- 
utes or less, gross myocardial lesions were never found, and microscopic 
fibrosis was found in but one heart. That myocardial infarction did 
not occur in eats after periods of occlusion similar to those which resulted 
in lesions in the dog may be due to species differences in the distribution 
of, and blood flow in, the coronary arteries and their branches. 

Tennant, et al.,^®’ produced temporary occlusion of a coronary artery 
and its accompanying veins in dogs, and found that no permanent myo- 
cardial damage resulted when the period of occlusion varied from five to 
thirty minutes, but did find myocardial lesions after two- to eight-hour 
occlusions. Fauteux’^® has noted that permanent occlusion of a coronary 
artery in dogs results in smaller myocardial lesions if the veins draining 
the area supplied by the occluded artery have been previously ligated. 
The absence of venous congestion in our experiments may explain "why 
myocardial lesions occurred after a shorter period of arterial occlusion 
than in Tennant’s^®’ experiments. It is of interest that Bronson^® 
found focal myocardial fibrosis in one dog which was sacrificed one month 
after a coronary artery had been occluded for thirty minutes; in this 
experiment, as in those of the present study, the veins accompanying 
the artery were not occluded. 

Chemical Changes in the Myocardium 

Because of the absence of detectable morphologic alterations in the 
myoeardiums of animals which were sacrificed soon after temporary 
coronary artery occlusion, studies were made to ascertain whether 
there might be chemical abnormalities of the affected myocardial tissue. 
The hearts of eight dogs were examined after occlusions lasting fifteen 
to forty-five minutes and re-establishment of blood flow for five to 
twenty-eight hours before the animals were sacrificed (Table 
From the results of quantitative analyses of the sodium, chloride, 
potassium, and water content of that part of the myocardium supplied 
by the temporarily occluded artery, it was concluded that these tempo- 
rary occlusions gave rise early to an extracellular edema amounting to 
as much as 10 per cent of the volume of extracellular fluid, or that as 
much as 2.5 per cent of the intracellular phase became permeable to 
chloride and sodium.^’’- 

Comparison of the Vulnerability of the Myocardium and of the 
Central Nervo^is System to Anoxia 

The vulnerability of the myocardium to anoxia, as disclosed ■ by- 
these electrocardiographic,® chemical,""- and morphologic studies, is 
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stiiMngly analogous to that of the central nervous system.®’ 25 
the myocardium of the cat is deprived of its blood supply, electro- 
cardiographic changes and loss of contractility appear in less than sixty 
seconds; cerebral anemia lasting twenty seconds obliterates the usual 
action potentials of the cerebral cortex of the cat.^^ Twenty or more 
minutes of temporary ischemia are required to produce myocardial 
necrosis in the dog ; this is comparable to the periods of anoxia of ten 
or more minutes which are required to produce histologic changes in the 
cerebrum of the cat' and to the periods of fifteen or more minutes that 
are required to produce irreversible elianges in the cerebrum of the 
dog .23 various parts of the brain differ considerably in their sensi- 

tivity to anoxia has been demonstrated by Heymans and his assoei- 
ates.^°’ In contrast to the susceptibility of the heart and central 
nervous system to anoxia, the intestine can be deprived of its blood 
supply for as long as three hours without producing irreversible changes 
in the nerve cells of the mjmnterie plexus.^^ 

Comment on the Relation of Experimental Results to the Clinical and 
Pathologic Manifestations of Coronary Artery Disease 

The above-described experiments were undertaken to elucidate certain 
clinical problems, as Avell as to provide information regarding the physi- 
ology and patholog}^ of the mjmcardium. In a recent communication 
dealing with the relation of the clinical manifestations of angina pectoris, 
coronary thrombosis, and myocardial infarction to the pathologic find- 
ings,’- it was repeatedly emphasized that the clinical and pathologic 
data indicated that myocardial ischemia is responsible for cardiac pain. 
That the heart may recover without structural damage if the duration 
and degree of ischemia are not too great is amply attested by the symp- 
tomatology, electrocardiographic studies, and pathologic findings. If, 
however, the degree and duration of myocardial ischemia are sufficiently 
great, irreversible damage, i.e., myocardial necrosis, with its associated 
symptomatology, results. The duration of temporary occlusion which 
is necessary to produce structural lesions in the anesthetized normal dog 
should not be understood as applying quantitatively to the diseased 
heart of man. The presence or absence of arteriosclerotic narrowing 
and of collateral circulatory patliAvays, and conditions such as exercise, 
anemia, and thju’otoxicosis, in which the heart is performing consider- 
able work, influence materially the degree and duration of ischemia 
which the myocardium can tolerate. When the cardiac work is increased 
or the coronary blood supply is decreased, periods of ischemia shorter 
than those required in our animal experiments would presumably cause 
mj’-ocardial lesions. In man, pathologic observations indicate that in- 
adequacy of the blood supply over a prolonged period of time may cause 
the same myocardial changes as complete ischemia of shorter duration. 
In the animal experiments, this concept was substantiated by the fact 
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that the larger infarcts were produced only by the longer periods of 
occlusion (Table I), presumably because the peripheral regions of the 
myocardium which were deprived of their normal blood supply derived 
an additional supply from neighboring sources.^®’ 

Experimental, Clinical, and Pathologic Data in Relation to Angina 
Pectoris. — The focal areas of fibrosis that commonly are found in the 
hearts of patients with angina pectoris, and in those areas of the hearts 
of dogs which have been subjected to temporary ischemia for approx- 
imately twenty to thirty-five minutes, would seem to have a common 
underlying pathologic physiologic mechanism. It is the consensus that 
angina pectoris is the clinical expression of temporary, relative, myo- 
cardial ischemia. The electrocardiographic changes during attacks are 
similar to those induced by the inhalation of low-oxygen mixtures in 
man,^® and to those observed in animals in which temporary circulatory 
arrest is produced by traction on a coronary artery,^® As noted above, 
it is not to be expected that’ a close quantitative relation between the ex- 
perimental observations and clinical conditions, in respect to duration 
and degree of ischemia, should obtain. 

Experimental, Clinical, and Pathologic Data in Relation to Coronary 
Eailwe. — Some patients have cardiac pain more prolonged than that 
consistent with a diagnosis of angina pectoris, but the clinical evidences 
of myocardial necrosis, such as fever, leucocytosis, markedly increased 
sedimentation rate, or progTessive electrocardiograpliic changes over 
a period of days, are absent. If death, in such cases, is not caused by 
heart disease, autopsy shows no evidence of myocardial infarction. Since 
these attacks are more prolonged than those of angina pectoris, and, 
on the other hand, since the signs of widespread myocardial necrosis are 
absent, a clinical diagnosis of either angina pectoris or acute myocardial 
infarction would be erroneous. Coronary failure and angina pectoris 
seem to have the same physiologic basis, i.e., completely or almost com- 
pletely reversible myocardial changes caused by ischemia. That these 
attacks may leave their mark in the form of tiny foci of myocardial 
necrosis is suggested not only by the pathologic findings, but also by the 
observations of Riseman and Brown,®® who found that the sedimentation 
rate of such patients, while not elevated as much as with myocardial in- 
farction, is nevertheless definitely above the upper limits of normal. 

Experimental, Clinical, and Pathologic Data in Relation to ^‘Silent 
Infarction” of the Myocardium. — ^^^arious authors have commented on 
the finding of infarcts at post-mortem examination in the absence of any 
history of corresponding clinical phenomena.^’ An inaccurate liis- 
tory as the result of a lapse of memory on the part of the patient, or 
absence of pain because the patient had been “unsensitive” is fre- 
quentlj^ postulated. Our experimental results, as well as pathologic ob- 
servations by one of us (M. J. S.), suggest a somewhat different explana- 
tion in certain instances.^’ Some hearts (Blumgart, et al.,i Cases 4, 
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9, 10, 11, 19, and 20) show areas of fibrosis wiiich are larger than the 
diffusely distributed small foci of fibrosis commonly associated with 
angina pectoris. These areas generally are regarded as healed infarcts. 
In most of the instances studied by us, however, the vessels leading 
to, and Avithin, such areas of marked fibrosis Avere not completely oc- 
cluded. Such areas are often quite irregular in outline, and the fibrosis 
Avithin them has a very patchy distribution. They represent, in some 
instances, a coalescence of several small areas of fibrosis, such as those 
Avhich are observed after a single experimental production of temporary 
ischemia in the dog. The fact that such “infarcted areas” Avere found 
predominantly in the hearts of patients Avith angina pectoris is in accord 
AAuth these considerations. 

The Application of the Experimental Data Obtained in This Study to 
the Phenomenon of Cardiac Infarction in the Absence of Complete Oc- 
clusion of a Coromiry Artery in man seems justifiable. As stated above, 
a sufficient species difference appears to exist betAveen the myocardial 
blood supply of the cat and dog so that occlusions up to thirty-five 
minutes Avere not manifested bj’- pathologic changes in the myocardiums 
of the eats, Avhereas occlusions of twenty-five minutes and more caused 
these changes in dogs. The mechanism AA^hereby massive myocardial 
infarction is produced by temporary interruption of the blood supply 
to a part' of the dog ’s heart for forty or more minutes is analogous to 
that of the occurrence of myocardial infarction Avithout coronary occlu- 
sion in man. Myocardial necrosis in man may occur (1) after sudden 
occlusion of a preAuously adequate arterial lumen, before a full}'- adequate 
anastomotic circulation has had an opportunity to develop or, (2) Avith- 
out fresh occlusion of any of the main coronary vessels or their larger 
branches, under circumstances, such as increased cardiac Avork, Avhich 
predispose to prolonged myocardial anoxia. In the hearts of some 
patients, infarcts, old or fresh, haAm been found in the absence of any 
coronary occlusion (Blumgart, et al.,^ Cases S and 28). In other 
hearts fresh occlusions may be present, but there are no old occlusions 
corresponding to the old healed infarcts, or fresh infarction may be 
disclosed AAuthout fresh coronary occlusion (Blumgart, et al.,®^ Case 3). 

It is in accord Avith the experimental observations to consider that in 
a heart Avith multiple occlusions and narroAAungs, and thus AAuth an 
anastomotic biTt reduced blood supply, slight further narrowing of 
seAmral blood A'cssels by any one of seA'eral mechanisms, or increased 
demands on the myocardium because of rapid A'^entricular I’ates, effort, 
etc., may pi’oduce a large area of ischemia. This ischemic area maj- then 
undergo neci’osis, AA’^ith the production of a large infarct. In scA^eral of 
the cases preA'iously studied, infarction AA'as undoubtedly favored by the 
fact that these patients did not rest after the onset of occlusion, but 
continued to AVork or persist in other actiAutj’', thereby increasing the 
degree and duration of ischemia. 
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SUMMARY 


1. Experiments Avere performed on thirty-nine dogs to learn Avhether 
temporary occlusion of a coronarj’- arter,y Avould produce myocardial 
infarction and persistent electrocardiographic changes characteristic of 
myocardial ischemia. 

2. In twelve of eighteen animals Avhich were allowed to survive four 
or more days, electrocardiographic changes typical of myocardial 
ischemia, and of a character not observed in control experiments, Avere 
found during the first fcAV days to AA'celcs after occlusion of a coronary 
artery for five to forty-five minutes. The type, anterior or posterior, 
of these electroeardiograpliie changes varied according to Avhether the 
anterior descending or left circumflex artery Avas temporarily occluded. 

3. Bight animals died of ventricular fibrillation during the first five 
minutes of occlusion of the artery, or on re-establishment of the circula- 
tion after occlusions lasting fifteen to thirty minutes. 

4. No gross eAudences of rajmcardial infarction were found in the 
seven animals Avhieh lived for four to forty days after occlusion of 
a coronary artery had been maintained for five to tAventy minutes. 

5. There Avere gross evidences, proved subsequently by microscopic 
examination, of infarction in eight of eleven experiments in AA^iieh oc- 
clusion of a eoronai^^ artery Avas maintained for tAventy-five to forty-five 
minutes. 

6. In the hearts AAfiieh shoAved infarction, the extent of the infarct 
AA^as roughly in direct proportion to the duration of the arterial occlu- 
sion; the infarcted area in several of the hearts in Avhich an artery 
had been occluded for forty to forty-five minutes Avas as large as that 
Avhich occurs after permanent and complete occlusion of the artery. 

7. These observations afford evidence that temporary ischemia may 
cause irreversible myocardial changes, and, if the ischemia be of sufficient 
duration, may cause myocardial infarction of the same character and 
degree as that Avhich occurs after permanent and complete occlusion of 
an arteiy. 

8. The electrocardiographic and myocardial observations on certain 
patients Avith coronary artery disease are discussed Avith reference to the 
information gained in this study. 

AVe wish to thank Dr. A. Baird Hastings for generously providing facilities which 
made these studies possible. 
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PETAL ELECTROCARDIOGRAPHY 

Hubert Mann, M.D., and Phineas Bernstein, M.D. 

New York, N. Y. 

' I ^HE scope of practical electrocardiography can be extended to cover 
a considerable period of intrauterine life. Heretofore, workers in 
this field have obtained satisfactory tracings during the eighth and ninth 
months of pregnancy. The modified technique developed by e of us on 
(H. M.) consistently yields reliable records from the sixth month of preg- 
nancy to term, and even before the sixth month we have occasionally 
secured tracings. The application of this technique to a group of forty 
unseleeted obstetrical patients and the results obtained form the basis of 
this report. 

HISTORY 

The development of the string galvanometer and its successful ap- 
plication in recording the action current of the heart in adults and chil- 
dren led naturally to attempts to obtain fetal electrocardiograms. As 
earlj^ as 1906, CremeP recorded and published fetal electrocardiograms 
which were taken during the last montli of pregnancy. He used two 
electrodes, one placed in the vagina and one on the abdomen, and his 
published curves show distinct fetal deflections. This single, early suc- 
cess, however, did not result in any further progress. Attempts to 
develop a standard method of fetal electrocardiography were unsuccess- 
ful because of technical difficulties. The fetal heart was not only small, 
and, therefore, presumably generated smaller action currents, but it 
was also separated from the outside by amniotic fluid, fetal membranes, 
uterus, maternal viscera, and abdominal wall. The application of the 
electrodes, which presented little difficulty in ordinary electrocardiog- 
raphy, was another problem. Sachs,^ in 1922, tried to record the electro- 
cardiogram of the fetus in utero by means of abdominovaginal and 
abdominorectal leads, but he failed to obtain any deflections which could 
be identified definitely as fetal in origin. 

The invention of the audion tube, with the subsequent rapid develop- 
ment of electrical amplifiers, suggested the use of an amplifier to in- 
crease the sensitivity of the string galvanometer. fSuch an amplifier, 
when properly designed, presented several distinct advantages over the 
use of the string galvanometer alone. It greatly inci’eased the sensitivity 
of the instrument and permitted the recording of smaller currents than 
could be registered with the string galvanometer alone. It simplified the 
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problem of skin resistance and permitted the nse of smaller electrodes. 
It eliminated the technical problem of compensating for skin currents, 
and prevented wandering of the string. By means of such a combina- 
tion of valve amplifier and string galvanometer, Maekawa and Toyo- 
shima® succeeded, in 1930, in recording the action current of the heart 
of a full-term fetus in utero several hours before birth. They placed 
the electrodes on the abdomen, and obtained a curve which showed 
not only the mother ’s electrocardiogram, but also an independent deflec- 
tion Avhich corresponded in rate to the fetal heart rate, and which, in the 
light of later work, notably by Bell,^ was definitely a fetal electrocardio- 
gram. 

The combination of amplifier and string galvanometer, although it had 
numerous advantages, was cumbersome, difficult to manipulate, and sub- 
ject to much outside electrical and mechanical interference. Improve- 
ments in the string galvanometer and in technique enabled Steffan and 
Strassmann® to obtain a fetal electrocardiogram with this instrument 
alone, in 1933. In 1938, Strassmann and Mussey® reported a series of 
fifty-tAvo patients ufiio ivein examined during the last seventy days of 
pregnancy. Of the seventy electrocardiograms which were taken, sixty- 
one, or 87 per cent, showed a fetal electrocardiogram, and nine, or 13 
per cent, failed to show any discernible fetal curve. 

Easby," in 1934, succeeded in obtaining an electrocardiogram of a 4.5- 
month-old fetus Avhich had been removed from the uterus after hysterec- 
tomy, and Heard, Burkley, and Schaefer,® in 1936, reported eleven 
electrocardiograms of fetuses wdiich had been removed from the uterus 
either by operation or by spontaneous deliver}'. These curves are 
valuable and interesting, but have little bearing on the subject of routine, 
antenatal, fetal electrocardiography. 

Johnson,® in 1938, published a standard electrocardiogram of a primip- 
ara who was almost at term in which fetal deflections were observed and 
identified. The instrument Avhieh he used Avas of the standard amplifier 
type, and the recording of the fetal deflections Avas not intentional. 
IToAvever, the fact that fetal deflections could be observed in an ordinary 
electrocardiogram, taken in the usual Avay, suggested that it might be 
possible to obtain fetal electrocardiograms routinely by a refinement of 
the technique. The amplifier electrocardiograph had noAv succeeded in 
eliminating much of the outside electrical and mechanical interference 
AA'hich had been so disturbing to early AA'orkers. In addition, the instru- 
ment Avas portable, and therefore could be carried to the bedside. 
Furthermore, its standard sensitivity could be doubled by a mere turn of 
a Imob. A preliminary test on several patients indicated that the de- 
velopment of a routine method for fetal electrocardiography Avas possible. 

The technique devised by Mann was standardized as foUows. The patient reclines 
on her back in bed, or on a comfortable couch. Standard electrodes are appUed to 
the arms, near the shoulders, and to the upper part of tlie left leg. The ordinary three 
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leads of the electrocardiogram are taken Avitli the amplifier adjusted to give a deflec- 
tion of 2 cm. per millivolt, or twice the usual deflection. Twenty-five or more 
heats are recorded in each lead. The electrode on- the left leg is then transferred 
to the upper part of the right leg, and three leads are again taken. Lead I is, of 
course, the same as the first- Lead I. The electrodes are now removed from the arms 
and leg, and two electrodes are placed on the abdomen in the following six posi- 
tions; (1) Eight upper quadrant, symphysis pubis; (2) epigastrium, symphysis; 
(3) left upper quadrant, symphysis; (4) right upper quadrant, left upper quadrant; 
(5) right umbilical region, left umbilical region; (6) right lower quadrant, left 
lower quadrant. 

The right arm wire is attached to the first electrode, and the left arm wire to 
the second electrode; the lead selector is placed on Lead I, and double amplification 
is used, as before. Six strips of twenty-five beats each are taken. The first three 
represent, respectively, the right, central, and left oblique diameters of the abdomen, 
and the last three are transverse. There is no difiSculty in appljdng abdominal elec- 
trodes. A bit of electrode paste is rubbed on the skin. The electrode is applied, 
covered with a towel, and held in place by the patient’s hand, which rests lightly on 
the towel. • 
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Fig-. 1. — Fetal electrocardiograms taken two days before delivery. The upper curve 
was made with electrodes on the left arm and right le^ The 

with electrodes on the abdomen. Standardization of both curves is 2 cm. per millnoit. 
The arrows indicate fetal deflections. 


It Avill be noted that in this way both limb leads and abdominal leads 
are taken ; this i:)ermits a comparison of the value of the two types of 
extez'nal leads which have been advocated for fetal eleetroeai’diograplu . 
This comparison is shown in detail later. In general, it may be said 
that the fetal electrocardiogram, as shown in the abdominal leads, is 
easier to identify' and more suitable for study. The maternal deflections 
are much smaller in the abdominal leads ; the abdominal muscles rarely 
exhibit tremor, and the fetal deflections are larger than in the limb leads. 
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The fetal electrocardiogram does not ajipear equally clearly in all the 
abdominal leads, but shows considerable variation which is caused prob- 
ably by changes in the axis of the fetus and anatomic variations in the 
abdominal organs of the mother. The maternal deflections in the limb 
leads frequently obscure the much smaller fetal deflections, and, at times, 
it is very difficult to eliminate small muscle tremors in the limbs. 




Eig^. 3. — Fetal electrocardiograms recorded with abdominal electrodes. The upper 
curve was taken 128 days before delivery, and the lower curve, lil days before de- 
livery. The arrows indicate fetal deflections. 


Fig. 1 shows a fetal electrocardiogram which was taken in the last 
month of pregnancy. The upper curve was recorded with electrodes on 
the left arm and right leg. The lower curve was recorded with one elec- 
trode on the epigastrium and the other at the sjunphysis. The standard- 
ization in both curves was the same, namely, 2 cm. per millivolt. It will 
be noted that, although the fetal deflections are about the same size 
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in the two curves, they are more easily identified in the lower curve 
because the maternal waves are much smaller in the abdominal lead. 

Fig. 2 shows a fetal electrocardiogram which was taken four days 
before delivery. Two abdominal leads are shown. The maternal waves 
are small, and the fetal defieetions are readily identified. 

The use of abdominal leads permits identification of fetal waves as 
early as the fifth month of pregnancy. Fig. 3 shows two curves which 
were taken with the electrodes placed to the right and left of the 
umbilicus, and recorded 128 and 111 days, respectively, before birth of 
normal, full-term children. 

In exceptional eases, fetal waves have been recorded by us as early 
as the end of the fourth month of gestation, but the fetal curve is most 
readily observed during the last 100 days of pregnancy. This is shmvn in 
Table I, which is a complete list of our attempts to record fetal electro- 
cardiograms on the fortj^ patients of tliis series. 

The plus and minus signs indicate the presence or absence of a de- 
tectable fetal curve. Onlj'- those curves in which the fetal deflection 
could be counted, for at least thirty beats, were considered positive. 
Doubtful curves were regarded as negative. The numbers indicate the 
time, in days before delivery, at which the electrocardiograms were taken. 

It will be noted that all curves which were taken more than 169 days 
before delivery failed to show fetal waves and that the proportion of 
negative curves decreased shai’ply after the one hundred fiftieth 
day, so that, by the third month before delivery, many positive curves 
had appeared. During the last three months of pregnanej’-, positive 
curves were the rule, and negative curves, the exception; of the forty 
patients in our group, thirty-six showed positive fetal electrocardiograms. 
Of the four patients on whom no fetal curve was recorded, three had 
electrocardiograms only once, on the one hundred fifty-eighth, one 
hundred fift 3 '--fourth, and one hundred thirty-seventh days, respectively, 
before deliverj^, and the other had two electrocardiograms, on the one 
hundred seventy-fifth and ninetj^-sixth days, respectively, before de- 
livery. 

A comparison of limb leads and abdominal leads is interesting. Of the 
thirtj^-six patients who showed fetal electrocardiograms, twelve had 
positive curves in the limb leads, and the total number of limb leads in 
which the fetal electrocardiogram could be identified was twenty-six. Of 
this same group, thirty-four had positive curves in the abdominal leads, 
and the total number of abdominal leads in which the fetal electro- 
cardiogram could be identified was 150. Two patients had positive 
curves onlj'’ in the limb leads, and twent 3 '’-four had positive curves 
only in the abdominal leads. Ten patients showed positive curves in both 
limb and abdominal leads. In general, the abdominal leads were 
definitely superior, both with respect to the number of positive curves, 
and the ease vdth which the fetal curve could be identified. 
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Table I 


Petal Electrocardiograms 


CASE 

NO. 

DAYS BEFORE DELIVERY 

1 

+20 

2 

+6 +41 

3 

+51 

4 

+24 +52 

5 

+31 +59 

6 

+68 

7 

+26 

8 

+46 +8;i 

9 

+41 -8S 


~78 +107 

11 

+90 +111 

12 

+86 -127 

13 

+43 +128 

14* 

+147 -168 

15 

+21 -15S -175 

16 

-96 -175 

17 

+30 -150 

18 

+32 -146 

19 




21 

+4 +26 -110 

22* 

+109 

23 

-158 

24 

+% 

25 

+26 +47 +157 

26 

+38 +126 

27 

+21 +74 -137 

28 

+31 +131 

29 

+7 +47 +139 


+16 +51 . -162 

31 

+23 -74 +137 

32 

+89 +165 

33 

+39 +107 +169 

34 

+133 

35 

+39 +in ^ 

36 

+117 -181 

37 I 

-137 

38 

-154 

39 

+120 

40* 

^ — 


+ indicates that fetal electrocardiogram Is present. 
- indicates that fetal electrocardiogram is absent. 


‘^ases tliere are fifty-six positive and twenty negative fetal electrocardio- 
’Delivery premature, calculation approximate. 
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The relationship between fetal heart rate and sex can be investigated 
statistically by means of the electrocardiogram. Counts of at least 
thirty fetal beats gave ns the heart rates of those babies in our series 
whose sex is now known. Stillborn, premature, and abnormal children 
were excluded. A total of forty-three counts was made in the last five 
months of pregnancy. Twenty-one of these counts were made on 
thirteen male fetuses. Twenty-two counts were made on sixteen female 
fetuses. The rates of the females averaged about 144 beats per minute, 
and those of the males, about 141 per minute. This difference is in- 
significant, particularly in such a small series. 


Table II 

Petal Heart Kates 


jMALE 

FEMALE 

138* 

124 

154 

137 

137* 

151 

134 

140 

142 

147* 

136 

151 

144 

152* 

140 

147 

134* 

154 

149* 

138 

136* 

137t 

155 f 

149* 

135 

158* 


138 


150 


137 

Av. 141 

144 


♦Average of two counts. 
tAverage of three counts. 


Fetal electrocardiography may suggest the presence of certain ab- 
normalities in utero, and, for this reason alone, the procedure warrants 
further study and use whenever unusual conditions are suspected. Not 
all abnormalities, hoAvever, are demonstrable by this means. The results 
obtained in the folloAving unusual and anomalous conditions are of in- 
terest. 

In one case^® of hydramnios and ectopia intestinalis fetalis (gastro- 
schisis), electrocardiograms were made forty-tivo days and six days 
before delivery. In both tracings the fetal heart rate was abnormally 
rapid, and Avas much faster the second time than the first, thirty-six 
days earlier. Although the rapid rates suggested fetal distress, the 
actual condition could not be diagnosed clinically. 

A premature, living baby AA^iich A\'as deliAnred in the seAnnth month of 
pregnancy shoAA'ed no abnormalities of the heart rate in a tracing taken 
forty-nine days before delivery. Birth Aveight Avas 3 pounds, 13 ounces. 
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A premature, stillborn infant which was delivered in the eighth month 
of pregnancj^ had a normal heart rate fifty-seven days before delivery. 
Birth weight was 4 pounds. 

In a recent ease in Avhich the obstetrician Avas uncertain as to Avhether 
or not the child ivas alii^e, an electrocardiogram failed to reveal fetal 
deflections. Two days later, an 8-month-old, macerated fetus was de- 
livered. 

One patient had tAvins ; the first to be born Avas a male AA’^hich occupied 
the right occipitoanterior position, and the other, a female, lay trans- 
A''ersely in the fundus. Electrocardiograms Avhich Avere taken sixteen and 
fifty-one days before term revealed an excellent record of but one fetus. 
Re-examination of the curves failed to reveal a second fetal electro- 
cardiogram. 

The electrocardiogram of a full-term baby Avhich died tAvelve hours 
after birth from multijile heart lesions (autopsy confirmation) Avas 
normal tAventy-three days and 137 days before deliveiy. The anomalies 
consisted of patent foramen OAmle, absent interventricular septum, 
single arterial trunk (aorta), Avith pulmonary arterial branches, hj^po- 
plasia of the mitral Amlve, and opening of a rudimentary mitral orifice 
into the right ventricle. Re-examination of the fetal electrocardiogram 
failed to disclose any abnormality. 

The relation of the fetal heart rate to the age of the fetus, as Avell as 
to the maternal heart rate, is subject to exact study by this method. 
Table III sIioaa^s tlie fetal and maternal heart rates in our cases during 
the last five months of prcgnancj’-. The rates Avere calculated by count- 
ing the number of licats recorded in tAvelve to tAA^enty seconds of con- 
tinuous recording. There did not seem to be any constant or obvious 
relation betAveen the fetal and the maternal heart rate, but there Avas 
a slight tendency for the fetal rate to be more rapid early in pregnancy. 

In counting the fetal heart rate it is often possible to observe tem- 
porary changes in rate cor responding., to the sinus arrhythmia of adults. 
We obserAmd changes in the fetal rate dui’ing periods of relatiAm 
anoxemia caused by paroxysmal tachycardia in the mother. The effect 
of administering drugs to the mother, and of tobacco smoking, maj^ be 
studied b}'’ this method. 

The relationship betA\men the position of the fetus and the character 
of the fetal electrocardiogram is of interest. Until the last month of 
pregnancy the fetal position is not fixed, so that attempts to ascertain the 
position by the contour of the electrocardiogram haA^e little practical 
value. During the final month of pregnancy the fetal presentation is 
generally determined, and can be readily ascertained by the commonly 
used obstetrical methods. With the usual vertex presentation, the direc- 
tion and shape of the fetal deflections correspond to Avhat we expect to 
find, bearing in mind the positions of the electrodes and the fact that 
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the fetus is inverted. The fetal deflection is generally diphasic, hut be- 
cause of its small size few details can be observed. During the latter 
part of our investigation, the laboratory which manufactures the electro- 
cardiograph which we employed submitted for experimental use an in- 
strument with increased amplifying power. With this new instrument 
an amplifleation of about 5 cm. per millivolt was readily obtained. With 
such amplification it should be possible to study more closely the shape of 
the fetal ventricular complex. 

sumjmary and conclusions 

1. A modified technique of fetal electrocardiography is presented, with 
illustrative curves. Abdominal leads were found to be superior to limb 
leads. 

2. The history of fetal electrocardiography is briefly sketched. 

3. The method has limitations and shortcomings w^hich are still to be 
eliminated. 

4. Of significance Avas the large number of satisfactory tracings which 
were obtained during the last trimester of pregnancy, namely, 90 per 
cent, or thirty-six of forty curves. The earliest elearlj^ defined curve 
Avas obtained on the one hundred sixty-ninth day before term (during 
the fourth month of gestation). As far as aa'o are aAvare, no fetal electro- 
cardiogram has ever been obtained earlier than this. 

5. In some eases, fetal distress or death in utero can be definitely 
diagnosed. 

6. Fetal anomalies and congenital heart disease, per se, do not reveal 
themselves electrocardiographically. 

7. From the observations so far, sex cannot be prognosticated. Con- 
clusions from a larger study Avill soon be forthcoming. 

8. There is no obvious relationship betAveen the fetal and maternal 
heart rates. Fetal rates are generally more rapid early in pregnancy. 

9. The relationship betAveen the fetal position in utero and the size 
and shape of the electrocardiographic deflections, fetal arrhythmias, and 
drug effects on fetal rate can be studied accurately by this method. 

10. The effects of maternal anoxemia, as well as sinus arrhythmia, 
upon the fetal rate have been observed. 

11. The diagnostic possibilities of the technique described should be 
investigated further. 
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THE WOLPF-PAEICINSON-WHITE SYNDEOME, WITH 
PAEOXYSMS OF VENTEICULAE TACHYCAEDIA 

Sajiuel a. Levine, M.D., and Paul B. Beeson, M.D. 

Boston, Mass. 

A PECULIAE syndrome was first described by Wolff, Parkinson, 
and White* ; it consists of a short P-E interval and bundle branch 
block in the electrocardiogram, and it occurs in patients Avho have 
paroxysms of tachycardia, but are otherwise apparently well. There 
have since been other reports of similar cases, in all of which there is a 
fairly uniform pattern. Although isolated eases of a somewhat similar 
type were previously reported by Wilson,^ Wedd,® and Hamburger,^ 
it was not until the publication by Wolff, et ah, that the condition was 
really called to the attention of the medical profession. The syndrome 
is unique, and therefore deserves to be regarded as a clinical entity. For 
the present, because of the difficulty in describing the condition in a 
simple expression, it might be termed the “Wolff-Parkinson-Wliite 
Sjuidrome. ’ ’ MHien it was first described, it was pointed out that these 
patients have attacks of tachycardia, for the most part of auricular 
origin, and, less frequently, paroxysmal auricular fibrillation. One pe- 
culiarity was that, while the heart was beating slowly and normally, 
the P-E time was short (0.08 to 0.10 second) and the QES interval was 
markedly increased (0.10 to 0.12 second), whereas, during paroxysms, 
when the rate was rapid, the QES interval was normal. It was also noted 
that these patients showed spontaneous reversion to normal P-E and QES 
intervals without an attack of tachycardia or as a result of atropine ad- 
ministration. It is of interest that in the majority of the previously 
reported eases the patients were males; this sex discrepancy also pre- 
vails in ordinary, benign, paroxysmal auricular filirillation.® 

The mechanism of this abnormality is by no means clear; various 
hypotheses have been suggested. The appearance of the ventricular 
complexes is like that of bundle branch block, and the short P-E interval 
makes one wonder whether the pacemaker is in the A-V junctional tissue. 
Wolferth and Wood® discussed the possibility that the impulse may reach 
the ventricles from the auricles through an abnormal pathway, the so- 
called bundle of Kent. It is not the purpose of this paper to discuss 
theories concerning the mechanism involved, but rather to report three 
additional eases in which there were unusual features. 

Prom the Medical Clinic of the Peter Bent Brigham Hospital, Boston, and the De- 
partment of Medicine, Harvard Medical School. 

Received for publication Jan. 13, 1941. 
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In practically all of the previously reported instances of this sjuidrome, 
when the paroxysms were identified, they were found to he auricular 
in origin, i.e., either tachycardia or fibrillation, hut our three patients 
had paroxysms of ventricular tachycardia. Only two such eases have so 
far been reported."’ ® As will be seen below, these attacks occurred in 
patients who had no other evidence of organic heart disease; they all 
showed characteristic electrocardiograms when the heart rate Avas slow 
and curves typical of ventricular tachycardia Avhen the rate Avas rapid. 
In order to emphasize some practical and clinical aspects of this con- 
dition that may not be fullj^ appreciated, a fourth case, in AAdiieh the 
paroxysms Avere of auricular rather than Amntrieular origin, is discussed. 

Case 1. — S. G., (Med. No. 55244), a IS-year-old wJiite boy, was admitted to the 
Medical Service of the Peter Bent Brigham Hospital in the evening of June 6, 1939, 
complaining of pain in the chest and shortness of breath of seven hours’ duration. 
He had had whooping cough and mumps at an early age and measles at 10. There 
was no other history of infections. His growth and development had been entirely 
normal. On the day of admission he had plaj'ed as usual, and felt perfectb’^ Avell until 
7:00 P.M., when, AA’hile standing quietly, he suddenly felt weak and breathless. He 
gradually developed an aching pain beneath the sternum, and vomited. He was put 
to bed. The patient stated that he ‘'felt as if his heart Avas pounding all over his 
body.” A physician Avho Avas called attempted to stop the attack by carotid sinus 
pressure. This gaA’e no relief, so that a liypodermic injection Avas administered, and 
he Avas brought to the hospital 4^/6 hours after tlie onset. 

On admission to the hospital his temperature Avas 98.6° F. ; his pulse Avas AA’eak, 
thready, and irregular, and the rate at the Avrist was about 80 per minute. The 
respiratory rate was 30 per minute. The blood pressure readings Avere unsatisfactory ; 
some beats Avere audible at 95 mm. Hg, and others Avere heard doAVn to 80 mm. Hg, 
but none below that level. The patient Avas a Avell-developed and well-nourished boy 
AA’ho appeared to be somewhat more than 13 years of age. He insisted on sitting up- 
right, gasped for air, and complained of pain beneath the sternum. The lips and 
nail beds were cyanotic; the skin Avas pale, cool, and moist. The neck veins Avere 
not distended. Examination of the heart shoAved that the apex impulse was rather 
forceful and diffuse, and lay 9 cm. from the midsternal line. No thrills were felt, 
and there was no cardiac dullness to the right of the sternum. The heart sounds were 
described as folloAA^s: ‘‘The first sound at the apex Avas very loud, and the rate Avas 
extremely rapid. The rapid rate caused the heart to sound like the firing of a 
machine gun; a long period of regularity AA'as folloAved by gross irregularities. The 
second sound AA’as not remarkable, and no murmur was heard. ’ ' The heart rate could 
not be counted accurately, but was said to be more than 200. The lungs Avere normal. 
The abdomen showed no tenderness or rigidity, and no mass Avas felt. The remainder 
of the physical examination revealed nothing remarkable. The leucocyte count Avas 
9,000, and the urine Avas negatiA’C. The electrocardiogram shoAved ventricular tachy- 
cardia (Fig. 1). The patient Avas given morphine, Avhich made him droAvsy and more 
comfortable. He Avas also given 2.0 c.c. of digalen intramuscularly, without effect. 
Pressure on the eyeballs and on the carotid sinuses had no effect. He Avas then 
giA’en 0.2 Gm. of quinidine sulfate orallj’. Forty minutes later his cardiac rate was 
found to have sloAved to 80 per minute, and the rhythm was normal. An electro- 
cardiogram at that time shoAA'ed a short P-E interA’al and defcctiA’e intraA’entricular 
conduction. The temperature rose to 99.6° F. by mouth on the second day. 



LEVINE AND BEESON: WOLFF-PARKIN.SON- WHITE SYNDROME 403 


There was no return of the tachycardia during the next seven days in the hospital. 
Since that time the patient has taken 0.2 Gm. of quinidine sulfate, daily, as a prophy- 
lactic measure, and has been seen from time to time. The electrocardiograms have 
shown little change. A roentgenogram at the time of his hospital admission, and 
another, one year later, showed no cardiac enlargement or abnormality in outline. 



Fig. 1. — Case 1. First tracing shows ventricular tachycardia, witli a rate of 292. 
hecona U'acing (twenty-five minutes after oral administration of 0.2 Gro. of auinidine) 
shows slowing of ventricular rate to about 225. Third set (forty minutes after admin- 
istration of quimdme) shows stow normal rate. Note short F-K and long QRS inter- 
vals. Lowest set, taken seven months later, shows same mechanism. 


Coiiwient. This patient had the typical electvocardiograiiis described 
Wolff, et ah, hut the paroxysm of tachycai'dia was ventricular in 
origin. It is of importance that the attack, which was quite serious, was 
lefractoi}^ to all the measures employed for paroxysms of auricular 
origin, but apparently responded pi’omptly to quinidine. He has had no 
recurrence and has been taking quinidine regularly. 

Case 2.*— A 40-year-old white man, an office worker, was first seen in December, 
1937. He complained of general malaise, headaches, insomnia, and a capricious ap- 
petite for the preceding six months. In addition, he had had a number of attacks 
of palpi tation during that period of time. These attacks were not accompanied by 
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pain or dyspnea, but lie felt obliged to sit down and rest while they were present. 
They usualh' lasted about five minutes., Plij-sical examination revealed no significant 
abnormalities. The heart was not enlarged; the sounds were normal; and there 
were no murmurs. The rhythm was normal and the rate was 90 per minute. The 
blood pressure was 100/60. A roentgenogram of the chest showed no cardiac en- 
largement and normal lung fields. Roentgenograms of the skull, sinuses, and gastro- 
intestinal tract .showed nothing abnormal. There was no anemia; the total and 
diflPeiential leucocyte counts were normal. The blood Wassermann reaction ivas 
negative. Urinalysis revealed nothing abnormal. There ivas free HCl in the 
gastric juice. The basal metabolic rate was normal. The electrocardiogram showed 
short P-E and prolonged QRS intervals, but otherwise was not remarkable. 



Fig. 2. — Case 2. Upper three leads show typical ventricular tachycardia ; rate is 
24 G. Lower set, one hour later, shows slow regular rate, with short P-R and pro- 
longed QRS complexes. 


Two days later the patient began to have palpitation in the evening, and the 
attack persisted until the next morning, when he returned to his phj'sician’s office. 
Examination showed that the heart rate was extremely rapid and could not be counted. 
At the wrist only 25 to 50 pulses per minute could be felt. The electrocardiogram 
which was taken at that time showed ventricular tachycardia (Pig. 2). One hour 
later the attack ceased spontaneously. Immediately after cessation of the attack 
another electrocardiogram was taken. This showed the same short P-R interval 
and prolonged QRS complex. 

Unfortunately, tliis patient did not return for a follow-up examination, so that 
there is no information available as to his subsequent course. 
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Comment— This case also belongs to the grovip with short P-R inter- 
vals and prolonged QRS complexes, but here again the paroxysm of 
tachycardia was of ventricular origin. 

Case 3.*— L. L. was a 36-year-ol(i steamfitter wlio had always been in excellent 
health until the onset of an attack of tachycardia. This occurred at 8:30 A.M., 
Dec. 4, 1939. While lifting a heavy box, he suddenly became conscious of a “knock” 



Pig. 3. — Case 3. Tracings on left show ventricular tachycardia, with occasional 
supraventricular beat ; rate is 208. Set on the right shows slow regular rate, with 
short P-R and prolonged QRS intervals. 


in the center of his chest, accompanied by dyspnea and extreme weakness; there 
was no real pain. He was transported to a hospital thirty^ miles away by auto- 
mobile, On admission to the hospital he was found to be flushed but not dyspneic, 
and apparently in no great distress. The pulse rate was very rapid, and the heart- 
beat, totally irregular. The blood pressure was 115/75. The temperature M’as 
99.2° F. (rectal). The electrocardiogram which was taken at that time showed 
ventricular tachycardia (Fig. 3). The tachycardia persisted until evening. At 
11:00 p.M. lie was given 0.8 Gm. of digitalis orally. At 2:00 a.m. the next day it 
was found that his heart rate had slowed to 96, with normal rhythm. Examination 
of the blood later that day showed no anemia; the leucocyte count was 14,700, 
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with 78 per cent polymorplionuclears. The electrocardiogram showed the charac- 
teristic, short P-E interval and bundle branch block (Fig. 3). The leucocyte count 
was 18,000 on the second ho.spital day, and during the remainder of his stay in the 
ho.spital it was 13,000 or 14,000. He was afebrile at all times. On December 8 
a consultant examined him and noted that he was a thickset, muscular man who 
appeared perfectly well and had no complaints. The heart was not enlarged ; the 
sounds were of good qualitj— the rhythm was normal; and the rate was 80 per 
minute. The blood pressure was 142/90. The lungs were normal. It was decided 
to treat the patient as if he had had a myocardial infarction; accordingly, he was 
kept in bed in the hospital for .six weeks. 

On Jan. 31 the patient was seen by one of us (S. A. L.). Physical and routine 
laboratorj' examinations showed nothing remarkable. The electrocardiogram was 
similar to the previous tracings. Eoentgenologically, the lungs and heart were 
normal; the tran.sverse diameter of the heart was 13.9 cm., and that of the chest was 
29.8 cm. It was considered probable that the patient had not had infarction, and 
that all of the symptoms could be attributed to an attack of ventricular tachy- 
cardia. Consequently, it was advi.sed that he be allowed to resume his work as a 
steamfitter, under the observation of his own phj'sician. This was done, and, up 
to the time of this writing, there has been no untoward occurrence. 

Comment. — Tlii.s is another ease of short P-E and lengthened QES 
intervals, with an attack of tachycardia of ventricular origin. Because 
the latter occurs in acute coronary thrombosis, and because of the fall 
in blood pressure and the presence of a leucocytosis, an erroneous diag- 
nosis of myocardial infarction was made. It is most likely that this pa- 
tient has no organic heart disease, and that the prognosis is very good. 

Case 4. — S. 0. S. (Med. No. 47703). This man was first seen on Oct. 22, 1935. 
He was a powei'ful man and was employed as a director of athletics. There was 
no history of rheumatic fever, chorea, venereal disease, or liypertension. A brotlier 
is knoum to have had transient auricular fibrillation without lieart disease. Beginning 
six years earlier, he had had attacks of palpitation which came and ended suddenly, 
usually during effort, such as playing liandball, and la.sted about fifteen minutes. 
He would quickly resume his activities after an attack. At first he thought that 
tlie heartbeat was rapid and regular during the attacks, but later, for several years, 
he felt that the beating was irregular and that the attacks lasted longer. He had been 
given digitalis and quinidine at different times, but finally became dissatisfied with 
physicians and took no medication. Despite this he carried on all his duties satis- 
factorily until August, 1935, when breathlessness on exertion and fatigue, which 
lie had never e.xperienced before, appeared. This grew worse, so that he finally 
noticed shortness of breath at rest; his weakness increased, and he had to quit 
his work. It was later learned that a physician had found his heartbeat grossly 
irregular several months before, and the patient thought that it had been con- 
stantly irregular for about six months. 

Physical Examination . — The patient was a large, muscular man. The blood 
pressure was 9C/S0. The heart was .slightlj’ enlarged; the beating was absolutely ir- 
regular; the rate was about 130; and there were no murmurs. There were a few 
rales at the bases of both lungs. The liver was not enlarged, and there was no 
peripheral edema. The vital capacity of the lungs was 3,900 c.c. 

The diagnosis Avas auricular fibrillation (cause unknown). He was .studied at the 
Peter Bent Brigham Hospital, Avhere the same observations Avere made. The blood 
Wassermann reaction was negative. The leucocyte count was 21,900; the urine 
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and stool were negative. Tlie tasal metabolic rate was -13 per cent, and tliere 
was no fever. Eoentgenologic examination on Oct. 24, 1935 (while he had auricular 
fibrillation), showed pulmonary congestion and moderate cardiac enlargement, with 
no prominence of the left auricle. The transverse diameter of the heart was 17.7 
cm. On Oct. 31, 1935, when the cardiac mechanism was normal, roentgenograms 
sliowed clearing of tlie lungs and a transverse cardiac diameter of 16.8 cm. 



Aj' 

7-C-37 I 




ffT . 



Fig. 4. — Case 4. Upper and third set show auricular fibrillation. Second set shows 
norrnal slow rate, with normal P-R and QRS intervals. Lowest set shows slow regular 
rhythm, with short P-R and prolonged QRS intervals. 


He was given l.G Gm. of digitalis during the first two days. The auricular 

fibrillation continued, but the ventricular rate slowed to about 80. Although he 

felt much improved, quinidine therapy was started. On the third hospital day he 
received 0.3, 0.5, and 0.5 Gm. of quinidine at four-hour intervals. The next day 
he was given 0.7 Gm. in the forenoon and 1.0 Gm. in the afternoon. The fibrilla- 
tion continued, and the heart rate accelerated considerably. The following day he 
received 1.0 Gm. four times at four-hour intervals. One hour after the last dose 
he suddenly became unconscious and had urinary incontinence. He was treated for 
shock, and was given 0.5 Gm. of caffeine sodium benzoate; in a short time he re- 
covered and appeared to be in good condition. The heartbeat was then found to 

be slow and regular. During the same day he also received 0.3 Gm. of digitalis. 
After normal cardiac mechanism had been restored, he was kept on a maintenance 
dose of 0.2 Gm. of quinidine t.i.d. His improvement was striking; the vital capacity 
of the lungs rose to 4,800 c.e., all symptoms disappeared, and he returned to his 
former life of strenuous physical activities. 


He has carried on very well during the past five years. At first there were oc- 
casional attacks of palpitation which lasted a few minutes, and during a few of 
these he fainted. Because long periods elapsed when he had no attacks, he had 
reduced the dose of quinidine to 0.2 Gm. once daily. On one occasion, in March, 
1. 3. , an attack of fibrillation lasted for about one week, and he had to take digitalis 
for a few days, followed by increasing doses of quinidine, to obtain reversion to 
normal r ‘ytlmi. Since then, on two doses of 0.2 Gm. of quinidine daily, he lias done 
very well. A roentgenogram on June 3, 1939, showed perfectly normal lungs- the 
transverse diameter of the heart was 14.8 cm. ^ 
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Comment. — The electrocardiogram (Fig. 4) shows that this case also 
belongs to the group with sliort P-K intervals and prolonged QRS com- 
plexes. The attacks of palpitation in this case were of the customary 
auricular variety ; at first he probably had paroxysmal auricular tachj^- 
cardia, but later it Avas paroxy.smal auricular fibrillation. The impor- 
tant point in this ease is that, AAdiereas the latter attacks always lasted 
only a few minutes, Avere not incapacitating, and occasionally Avere ac- 
companied by syncope, he finally developed persistent fibrillation. As a 
result of the uncontrolled rapid heart rate during months of auricular 
fibrillation (he Avas not taking any digitalis), AA^hile he AA^as trying to con- 
tinue an active life, he dcA’^eloped true congestive heart failure. The 
manifestations of this Avere d3^spnea, pulmonary rales, roentgenologic 
CAudence of congestion of the lungs, and dilatation of the heart. As a 
result of treatment all evidence of heart failure disappeared; the Autal 
capacit}’’ rose from 3,800 to 5,000 e.e. ; the transA’^erse cardiac diameter 
diminished almost 3 cm. ; and he has shoAAUi no evidence of organic heart 
disease all these j^ears. This experience demonstrates tliat, AAdien the 
heart is normal, heart failure may be brought about by prolonged over- 
Avork. A similar case, in AAdiich congestive failure resulted from auricular 
fibrillation AAdien there Avas no evidence of organic heart disease, Avas re- 
ported by Brill.® 

SmiMARY 

Three eases of Wolff-Parkinson- White Syndrome are described (short 
P-R and long QRS intei’A'als in patients aaOio are prone to paroxysmal 
tachj^cardia, but liaA^e no apparent evidence of organic heart disease). 
Whereas in cases of this type as originally described there AA’^ere parox- 
ysms of auricular tachj'cardia or fibrillation, these three patients had 
paroxj^sms of A^entrieular tach 3 ’’cardia. In one case an erroneous diag- 
nosis of acute coronary thrombosis, AAdiich it closelj’’ simulated, AA'^as made. 
In another case there Avas CAddence of an acute cardiac emergency, and 
the patient responded promptly to quinidine therapy. 

An additional case is described Avhich sIioavs that adA^anced congesth^e 
failure can result, even in the absence of organic heart disease, if a rapid 
heart rate is permitted to continue for a long time. 

These patients present clinical problems that may be serious, and yet 
are amenable to the proper therapy. 
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SIGNIFICANCE OF GENERALIZED SYSTOLIC PULSATION OF 
A^EINS, WITH REPORT OP A CASE IN WHICH THERE 
WAS MARKED PULSATION OP VARICOSE 

VEINS 

Phillip Hallock, M.D., and William 0. Clarke, M.D. 
IMinneapolis, Minn. 

S ystolic pulsation in the peripheral veins has been recognized 
for many j^ears as a sign of tricuspid ineompetency. Benson/ in 
1836, made a comprehensive study of a case of venous pulsation in the 
upper extremities, and he appears to have been the first clinician to note 
tliat the phenomenon was related to failure of the right ventricle. One 
year later, King- compiled from the literature a series of eases of 
pulsating veins, and elaborated further on their cause. In his “Essay 
on the Safety Valve Function in the Right Ventricle of the Human 
I-Ieart, ’ ’ he postulated tliat the inherent weakness of the tricuspid valve 
acted as a safety mechanism to relieve an overburdened right ventricle. 
That insufficiency of the tricuspid valve is a cause of pulsating veins is 
now generally accepted. Since King’s communication, other excellent 
studies have been reported. Kerr and Warren® reported fifty-six eases 
in 1925, and very recently White and Cooke'* submitted their observa- 
tions in six eases. 

S.ystolic pulsation of varicose veins has not been observed as commonljL 
Friedreich,® in 1867, in a review of the literature pertaining to venous 
pulsation in the extremities, cited Manly, Goubler, and Verneuil, who 
noted pulsation in the varicose veins of one leg, A few isolated reports 
have appeared since. Teufl,® in 1936, reported thirty-one eases of pulsat- 
ing veins ; eleven patients in this series showed pulsations of varicose 
veins in combination with pulsation of otlier veins. In eight cases the 
diagnosis was verified by autopsy; either organic or relative tri- 
cuspid insufficiency was present. Teufl first stressed the point that if 
Ihe venous pulsations disappeared rvith the termination of right-sided 
heart failure, the lesion was relative tricusiiid insufficiency. If, on the 
other hand, the pulsations persisted after signs of heart failure disap- 
]ieared, the lesion was organic tricuspid insufficiency. 

From tlie Division of Internal Jledicine, University of Minnesota Hospitals, Minne- 
ai)oIis. 

Received for publication May 4, 1940. 
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We have recently had the opportunity to observe a woman, 46 years 
of age, who presented marked systolic pulsations of the veins of the 
neck, head, retinae, and upper extremities, pulsation of the liver, and, 
finally, marked pulsations of varicose veins of the lower extremities. Our 
purpose in this report is to call attention to the possible existence of some 
patliologic condition otlier than tricuspid insufficiency which may be a 
factor in producing pulsation of the peripheral veins. 

REPORT OF CASE 

Mrs. M. S., Case No. 63] 613, aged 41, a housewife and mother of six children, 
was first admitted to the University of Minnesota Hospital Oct. 13, 1934. Her chief 
complaints at that time were intermittent dj'spnea on exertion, and edema of the 
ankles for the preceding seven yeai's. During the three months prior to admission 
she had been forced to remain in bed because of progressive dyspnea, orthopnea, 
ascites, and edema. During the preceding five j'ears she had had varicose veins 
of the lower extremities, and, for four months, a varicose ulcer on her right ankle. 
There was no rheumatic history. One living si.ster had "heart trouble." Her 
mother had died at 80 from heart disease. Her husband and all of her children were 
living and well except for one son who had que.stionable heart disease. 

Physical examination on admission revealed a well-developed and well-nourished 
white woman who was moderately dyspneic and orthopneic. The superficial and deep 
jugular veins were distended and exhibited a systolic pulsation. Ophthalmoscopic 
examination revealed no abnormalities. A moderate, bilateral hydrothorax was 
present. The heart was somewhat enlarged, both to the left and right. A systolic 
thrill was felt at the apex. A loud systolic murmur was heard over the entire 
precordium, but was maximum over the apex. A presystolic murmur was present 
over the mitral area. The heart rate was rapid and the rhythm was normal ex- 
cept for a few extrasystoles. The blood pressure was 166/110 on admission. There 
were an enlarged, tender liver, moderate ascites, and moderate edema of the lower 
extremities. On the medial aspects of the legs there were pulsating varicose veins; 
the pulsations were more pronounced on the right, especially in two bulging areas, 
21/, cm. in diameter, just below and above the medial aspect of the right knee. 
Proximal compression of the veins stopped the pulsation. The Trendelenburg test 
was positive. A varicose ulcer was present on the lateral aspect of the right 
ankle. 

Urinalysis showed a specific gravity ranging from 1.010 to 1.027, and albumin 
from 0 to 1+. The hemoglobin was 94 per cent, and leucocyte count, 5,200, with 82 
per cent neutrophiles and 18 per cent Ij'mphocj'tes. The blood nonprotein nitrogen 
was 37.8 mg. per cent. The phenolsulphonephthalein test showed a 55 per cent ex- 
cretion of the dye in two hours. On admission the vital capacity was 1300 c.c. The 
basal metabolic rate was -to per cent. The electrocardiogram showed a prolonged 
P-E interval (0.22 sec.), sinus tachycardia, right axis deviation, a diphasic T, and 
T,^, and low potential in all leads. A teleroentgenogram showed that the total 
transverse diameter of the chest was 26.5 cm.; the M.L. was 10.0 cm., and the M.E., 
7.6 cm. (total 17.6 cm.). Fluoroscopic examination showed that the heart was con- 
siderably enlarged, chiefly in the region of the right ventricle and right auricle. 
The conus pulmonalis was prominent, and there was slight enlargement in the region 
of the left ventricle. 

Tlie treatment consisted of strict bed rest, restriction of salt and fluids, diuretics, 
sedatives, and full digitalization. Her heart failure disappeared under this regime. 
However, because of frequent pulsus bigeminy and the onset of auricular fibrillation. 
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tlio digitalis was discontinued. The bigeminj' persisted, so that digitalis was begun 
again, and, in addition, the patient was given quinidine, which restored normal 
rhythm. At the time of discharge, Dec. 1C, 1934, the blood pressure was 120/80. 
The venous pressure was not taken. Unfortunately, no record was made at this 
time as to whether the pulsation of the veins persisted after the heart failure had 
been relieved. 

The diagnosis at the time of discharge was rheumatic and hypertensive heart dis- 
ease, marked cardiac enlargement, auricular fibrillation, congestive heart failure, 
mitral stenosis and regurgitation, relative tricuspid regurgitation, with pulsating 
veins, and varicose veins of the lower extremities, with a varicose ulcer of the right 
ankle. 

The patient was next seen June 16, 1935, in the Outpatient Cardiac Clinic. She 
had taken no quinidine for three weeks, and during this period there were numerous 
extrasystoles. The heart rate was 114 per minute, and auricular fibrillation was 
present. An orthodiagram showed relativel}' the same cardiac measurements as 
on lier previous admission. 

Her second admission was July 7, 1935. Prior to this the patient had been bed- 
ridden for three months because of an upper respiratory infection, characterized by 
a persistent, hacking cough, weakness, and generalized pain, all of which accentuated 
her cardiac S 3 'mptoms. No digitalis had been taken during this period. 

Physical examination revealed the same abnormalities as on the previous ad- 
mission, except that there were increased pulsations of the veins of the neck and the 
varicose veins of the legs. Bilateral hydrothorax was present. The blood pressure 
was 140/80, and she had auricular fibrillation, with a ventricular rate of 120. The 
liver was enlarged, and marked edema of the lower extremities was noted. 

The laboratory findings were essentially unchanged. The electrocardiogram 
showed low amplitude of the QES complexes and auricular fibrillation. The pa- 
tient was redigitalized, recovered from her heart failure, and was discharged 
Sept. 11, 1935. 

The third admission was on March 3, 1939. Beginning in September, 1938, heart 
failure had developed gradualljq and three weeks prior to admission had become 
verj' marked after an upper respiratory infection. 

Physical examination revealed a poorlj"^ nourished, cyanotic, dj'spneic, and 
orthopneic woman. The superficial veins were distended, and sj'stolic pulsations 
were noted, especiallj' in the temporal, jugular, basilic, external mammillary, crural, 
and varicose veins of the lower extremities. Ophthalmoscopic examination showed a 
small patch of retinal atrophj^ in the right ej'e and pulsating retinal veins. There 
was a right-sided hydrothorax, and moist rales were present throughout botli lungs. 
On percussion, the cardiac outline appeared to be larger than before. S.ystolic and 
diastolic thrills and murmurs were found over the apical area. The .sj’stolic murmur 
was heard over the entire precordium. The blood pressure was 134/92. Auricular 
fibrillation was present. The edge of the liver was tender, and could be palpated four 
fingerbreadths below the right costal margin. Sj'stolic pulsations were seen on in- 
spection and also felt on palpation. Pressure over the liver region accentuated the 
distention of the jugular veins. Marked ascites and edema of the lower extremities 
were present. Proximal compression of the superficial saphenous and basilic veins 
obliterated the distal pulsation of the veins. 

The significant laboratory' data were as follows: Blood nonprotein nitrogen, 
33.6 mg. per cent; total plasma protein, 7.2 Gm., with 3.4 Gm. of albumin and 
3.3 Gm. of globulin; cholesterol, 152 mg. per cent; icterus index, 7. Eepcated 
blood cultures were negative. Tlie phenolsulphonephthalein test showed 58 per 
cent excretion at the end of two hours. The vital capacity was 1100 c.c. Venous 
pressure measurements were as follows: right antecubital vein, 27 cm. of saline, 
which, with right upper quadrant pressure, rose to over 40 cm.; left antecubital 
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vein, 27 cm.; right femoral vein, 34.5 cm.; and left femoral vein, 33.5 cm. The 
circulation times were definitelj' prolonged, i.e., arm-to-tongue (decholin), 28 sec.; 
arm-to-lung, 13 see. (ether), and lung-to-tongue, 15 see. 

The electrocardiogram showed bigeminy, numerous premature contractions fro:n 
various foci, and auricular fibrillation. Koentgenogi-ams of the lungs and heart 
revealed pleural etfusion on the right, pulmonary congestion, and massive eardiae 
enlargement, with a bulge in the region of the conus pulnionalis. Roentgenograms 
of the tibia and fibula showed no periostitis. 

The right pleural sac was tapped. Diuretics, sedatives, and digitalis were 
given. Thiamin chloride produced no beneficial effect. The venous pressure went 
as low as 20 cm. of saline in the antecubital veins. The patient gradually improved 
clinically. Digitalis was discontinued for a time because of toxic signs, both 
clinical and electrocardiographic, but was begun again later. 

A cardiac psychosis developed April 4, 1939. Digitalis was promptty discon- 
tinued, and hypertonic glucose solution was given intravenously daily. The icterus 
index rose to 15, and the van den Bergh reaction became diphasic. On April 26, 
1939, the patient was taken home by her husband, against advice. 

The diagnosis, in addition to her cardiac condition, was somatic psychosis due 
to cardiac disease, and icterus due to chronic passive congestion of the liver. 

The fourth admission to the hospital was on June 6, 1939. She had taken no 
digitalis since her previous discharge, and was suffering from severe cardiac failure. 
The physical signs were essentially the same as on the previous admission. There 
was marked cyanosis, and auricular fibrillation with a ventricular rate of 140 was 
present. The blood pressure was 120/70. The total plasma protein was 6.2 Gm., 
with 2.9 Gm. of albumin and 3.3 Gm. of globulin. The venous pressure was 32 cm. 
The column of saline in the manometer of the venous pressure apparatus pulsated 
synchronously with the venous pulsations, and tlie range of pulsation between 
systole and diastole was 1 cm. This was the greatest fluctuation of pressure observed 
at any time. The electrocardiogram and roentgenograms of the chest were un- 
changed. Repeated blood cultures were negative. On June 7, 1939, the blood 
nonprotein nitrogen was 54.6 mg. per cent, and the icterus index, 23, with a de- 
layed van den Bergh reaction. The 24-hour urine urobilinogen excretion was 274 
mg., indicating severe liver damage." 

The treatment, on admission, consisted of paracentesis, oxygen, sedatives, and 
digitalis. Because of the cardiac psychosis, she was transferred to the psychiatric 
ward. The venous pressure declined to 17.5 cm. of blood on July 11, 1939, but the 
pulsation of the veins did not decrease. The patient was again discharged against 
advice on Aug. 18, 1939. 

The fifth admission was on Aug, 28, 1939, Both the cardiac psychosis and cardiac 
failure were marked. There was infranuelear paresis of the left seventh and 
twelfth cranial nerves. Tlie venous pressure was 19 cm. of blood, and there was 
marked pulsatory activity of the veins. 

Digitalis and supportive cardiac therapy were begun again. On Aug. 30, 1939, 
the patient had a cerebral embolus, from the effects of which she recovered un- 
eventfully and rapidly. In addition, both her neurologic and cardiac status im- 
proved. The patient was transferred Sept. 14, 1939, to the state hospital, where she 
died on Dec. 17, 1939. 

In resume, the history dated back twelve years, at which time dyspnea first ap- 
peared. Thereafter the clinical picture was one of recurrent and progressive at- 
tacks of right- and left-sided cardiac failure. For five years tlie outstanding clin- 
ical feature was tricuspid insufficiency, characterized by increased venous pressure, 
pulsating liver, and generalized , systolic pulsations of the veins, including the 
varicose veins. Severe cardiac failure and a psychosis were present during the last 
six months of the patient’s life. 
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The patient died Dec. 17, 1939, at the Fergus Falls State Hospital. Eight hours 
after deatli a post-mortem examination was done.* Tlie important abnormalities 
were as follows: The abdomen was distended and the lower extremities were 
edematous (about four plus). The peritoneal cavity contained 8000 c.c. of clear, 
amber fluid. Each pleural cavity contained one liter, and the pericardial cavity, 
30 c.c., of a similar transudate. The heart was sent to us for examination. Both 
lungs were heavy and edematous. The liver had the typical nutmeg appearance. 
Tlie gall bladder contained gravel-like stones. No arteriovenous aneurysm was 
found. The brain was not examined. 

Examination of the heart! revealed the following: It weighed 395.5 grams after 
the intrapericardial vessels had been removed and the endocardial surfaces cleaned 
of blood. Preliminary examination disclosed very slight dilatation of the left 
atrium and marked dilatation and hj-pertrophy of the right atrium and right 
ventricle. The mitral valve was thickened and partly calcified, and the chordae 
tendineae Avere shortened and thickened. The lumen Avas slit-like, and measured 
1.2 cm. in length and 0.4 cm. in Avidth, so that there Avere obviously both mitral 
regurgitation and stenosis of severe degree. No vegetations Avere present. The other 
valves shoAved nothing of note. 

The tAvo atria, Avith their epicardial tissues, Aveighed 114 grams. The left atrial 
muscle appeared normal; the circumference Avas 20 cm., and the height, 5 cm. The 
right atrial muscle Avas markedly hypertrophied; the circumference Avas 18 cm., but 
the height Avas 12 cm. 

The epicardial tissues over the ventricles Aveighed 16 grams — 9 grams over the 
right ventricle and 7 grams over the left. The coronary arteries appeared normal. 

The ventricular muscle Aveighed 265.5 grams. The right ventricle Aveighed 153.3 
grams, and the thicluiess of its free wall varied from 0.3 cm. at the base to 0.2 cm, 
near the apex; the left ventricle weighed 112.2 grams, and the thickness of its 
Avail varied from 1.8 cm. to 0,6 cm. The relative Aveight of the right to the left 
A’entricle Avas 1.4:1. 

The pulmonary conus Avas elongated; it measured 5.4 cm., and its AA'idth Avas in- 
creased to 11.0 cm. The ostium of the tricuspid valve Avas 11.9 cm., and that of the 
pulmonary valve, 8.4 cm. The mitral ostium Avas 5.2 cm., and the aortic, 6.6 cm. The 
infloAV tract of the right ventricle measured 6.8 cm., and the outfloAV tract, 10.4 cm. 
On the left side the infloAv tract Avas 6.9 cm., and the outfloAv tract, 7.7 cm. 

DISCUSSION 

During the clinical observation of this patient we were inclined 
toward a diagnosis of organic tricuspid insufficiency, rather than relative 
tricuspid insufficiency. Our only reason was the fact that the pulsa- 
tions persisted after the venous pressure fell. This was not conclusive 
evidence, however, for the venous pressure never did return to normal 
limits. At necropsy the tricuspid leaflets appeared normal, but of much 
more interest was the fact that the tricuspid orifice was only slightly, 
but sufficiently, dilated to give rise to relative tricuspid insufficiency. 
We have noted the condition of the tricuspid ring in numerous cases of 
congestive failure in which the degree of stretching was as much or 

are indebted to Dr. Stanley Lindley and Dr. R. Reader, o£ the Fergus Falls 
State Hospital, who did the autopsy and kindly sent us the heart for further exami- 
nation. j 

tAVe are indebted to Dr. B. J. ClaAA'son, of the Department of Pathology, wlio made 
the gross examination of the heart, and to Dr. George Higgins, pathologist at the Glen 
Lake Sanatorium, Avho dissected the heart chambers and made careful measurements 
of the cardiac structures. 
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greater than in this case, yet no pulsation of the veins was present 
during life. 

It would thus seem highly improbable that the marked venous pulsa- 
tions in this case are to he explained as a result of the tricuspid in- 
sufficiency alone. 

Another outstanding feature of this case was the minimal dilatation of 
the left atrium, in spite of the severe grade of mitral stenosis. This 
suggested that there Avas some impediment to the volume floAv of blood 
through the pulmonary circuit. 

From a consideration of these points, it would appear that some other 
condition Avas responsible, in part, for the marked pulsation of the 
veins. This could be explained best by some faetor AAdiich Avould set up 
resistance to the floAV of blood through the lesser circulation. The most 
obvious explanation Avould appear to be narroAving of the pulmonary 
vascular bed. It is Avell recognized that secondary arteriosclerotic 
changes may occur in the pulmonary vessels in long-standing cases 
of mitral stenosis. An abundance of evidence is found in the literature 
to support this vieAv.®"^^ At times the pulmonary sclerosis may be. 
marked, Avith involvement of the large, medium-sized, and small vessels, 
Avhich results in narroAving of the vascular bed. This is especially 
true AAdien a “button-hole” mitral stenosis exists.’^ The effect of these 
changes Avould be to increase greatly the right intraventricular pres- 
sure. With the inception of relative tricuspid insufficiency, the release 
of the pulse Avave into the venous system is made possible by a vigorously 
contracting right ventricle. Although proof of pulmonary artery nar- 
roAving is lacking in this case because the lungs Avere not available for 
study, it is reasonable to assume that such a condition could exist, and 
that this, in addition to relative tricuspid insufficiency, could very Avell 
explain the marked retrograde transmission of the pulse Avave from 
the right ventricle. Careful anatomic examination of the pulmonary 
vascular tree should be made in all cases of tricuspid insufficiency in 
Avhich pulsation of veins Avas present during life. 

CONCLUSIONS 

1. A case of marked, generalized, systolic pulsation of veins is 
presented. Striking pulsations of the varicose veins in the loAver ex- 
tremities Avere an outstanding feature. 

2. This study suggests that a pulmonary faetor may play an impor- 
tant role in the mechanism AAdiich is responsible for systolic pulsation 
of peripheral veins. 
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LEUCEMIC PEKICAEDITIS 


Repoet of a Case of Lymphatic Leucemia in ‘Which Massive 
Pericardial Effusion Was the Earliest and 
Most Outstanding Manifestation 

Martin H. Wendkos, M.D. 

Philadelphia, Pa. 


introduction 


I NVOLVEMENT of the heart by infiltration into the pericardium and 
myocardium by retrograde extension from adjacent diseased lymph 
nodes has already been described in cases of lymphosarcoma^’ ^ and 
tuberculosis.® Although similar involvement of the heart can occur in 
lymphatic leucemia,^ we are not aware of a reported instance in which 
a massive pericardial effusion secondary to leucemic infiltration of the 
pericardium constituted the first clinical manifestation of the leucemic 
state. We therefore wish to report the following case of leucemic peri- 
carditis, not only because of its rarity, but because it simulated in 
many ways the so-called “clinically primary” tuberculous pericarditis, 
and therefore serves to emphasize certain criteria "which should be 
fulfilled before the diagnosis of the latter condition caii be made with 
certainty. 

case report 


M. McG., a colored girl, 15 years of age, was originall}’ admitted to the Fred- 
erick Douglass Memorial Hospital on the medical service of Dr. Truitt and Dr. 
Greene on September 17, 1937. Several weeks before admission she had developed 
an unproductive cough and weakness, followed by a progressive weight loss, an- 
orexia, dyspnea on verj-^ slight exertion, and fever. The outstanding features of 
the physical examination were as follows: the patient was undernourished, breath- 
less (respirator 3 ^ rate, 36), febrile (temperature 102° F.), and obviously acutelj’ 
ill. The veins of the neck were engorged in both the sitting and supine positions. 
No cervical Ij^ph nodes were palpable. There was diffuse enlargement of the 
cardiac area both to the right and left, with widening of the area of supracardiac 
dullness. The latter was more marked in the supine than in the upright position. 
The apex beat was not palpable and the heart sounds were muffled. The rhythm 
was normal, and no murmurs or pericardial friction rub were audible. The blood 
pressure was normal (110/80). A rather marked parodoxical pulse was present. 
The abdomen and extremities were essentiallj’’ negative except for a moderate 
degree of wasting. Under the fluoroscope, the cardiac shadow was seen to be 
considerablj' enlarged, but no cardiac contractions were visible. In addition, it 
was noted that the supracardiac shadow was widened and that the mediastinal 
lymph nodes were enlarged. The electrocardiogram showed deeply inverted T 
waves in all the limb leads. The blood cell count was normal except for a slight 
secondar 5 ’’ anemia. The leucocj’'tes numbered 7,500, and the differential count was 
normal. On the basis of the historj’’, physical signs, and laboratory data, a diag- 
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nosis of tuberculous pericardial effusion was made. On September 18, 1937, tlie 
first pericardial paracentesis was performed. This yielded 500 c.c. of amber- 
colored, slightl}' cloudy fluid. A corresponding amount of air was injected. A 
second fluoroscopic study, after the establishment of the pneumopericardium, 
clearly showed the widened supracardiac shadow, the enlarged hilar lymph nodes, 
the thickened pericardium, and the small heart. Although this combination of 
signs has been considered characteristic o:^. tuberculous pericarditis, examination 
of a smear made from the pericardial fluid failed to reveal any tubercle bacilli. 
A guinea pig was therefore inoculated with the fluid on the same day. 



Flp. 1. — Roentgenogram after pneumopericardium. Note the enlarged mediastinal 

nodes, widened supracardiac shadow, thickened pericardial sac, and small heart. 

On September 27, 1937, a second pericardial paracentesis was performed; a 
total of 700 c.c. of fluid, now serohemorrhagic in character, was removed, and a 
corresponding amount of air injected. The roentgenogram which was taken after 
this procedure is shown in Fig. 1. In smears made from this fluid it was again 
impossible to demonstrate the presence of tubercle bacilli, and a second guinea 
pig was therefore inoculated. The patient subsequently developed a left-sided 
pleural effusion which was tapped by Dr. Greene on September 30, 1937, and 950 
c.c. of serosanguineous fluid were removed. This was stained and examined for 
tubercle bacilli, with negative results. Subsequentl 3 q the patient had fever of 
an intermittent tj-pe, and repeated reaccumulations of fluid in the left side of the 
chest; the latter was tapped at frequent intervals. Ph 3 'sical examination, fluoro- 
scopic stud 3 ', and roentgenograms of the chest failed to reveal an 3 ' evidence of 
a reaccumulation of fluid in the pericardial cavit 3 ’. On November 11, 1937, the 
guinea pigs were sacrificed and examined. No evidence of tuberculosis was found. 
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On November 12, 1937, the patient left the hospital with a final diagnosis of 
pericarditis and pleurisy with effusion, probably- tuberculous in origin. After re- 
maining at home for four daj's, she was admitted to the medical service of Dr. 
David Eiesmaii at the Philadelphia General Hospital on November 16, 1937. 
Physical examination at this time ' revealed that the patient had obviously lost 
more weight, although she did not appear to be acutely ill. A fever of 102 P. 
was present. Lj'niph nodes were easily palpable in the nech, both axillae, and 




Fig. 2. — Electrocardiograms taken — A, Wliile there was a large effusion. B, When 
tliere was no effusion. Note inverted T waves in all the limb leads, and that there 
is no material difference between the two tracings. 


in the inguinal regions. Signs of fluid in the left side of the chest, with displace- 
ment of the heart to the right, were readily evident. The heart presented nothing 
remarkable except for simple tachycardia and a widened area of supracardiac 
dullness. The edge of the liver w-as felt at the level of the umbilicus, and the 
edge of the spleen was palpable on deep inspiration. The sternum was very sen- 
sitive to palpation and percussion. The electrocardiagram was similar to the one 
taken at the Douglass Hospital; it showed inverted T waves in all the limb leads 
(Fig. 2). Eoentgenograms of the chest revealed a large pleural effusion on the 
left side, with displacement of the normal-sized heart and mediastinum to the 
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right. The following day, another roentgenogram, taken after the removal of 
700 c.c. of pleural fluid, showed that the base of the heart and upper mediastinum 
were considerably widened as a result of enlarged lymph nodes. A diagnosis of 
“tuberculous mediastinal adenitis, or some form of Ij'mphoblastoma ” was made 
by the roentgenologist. Tlie leucocytes, the day after admission, numbered 116,000, 
of which 97 per cent were lymphocj^tes. Two days later the leucocjTe count had 
risen to 191,000, all of which were lymphocj'tes. A biopsy of one of the inguinal 
nodes revealed histologic changes typical of tymphatic leucemia. Before any 
further studies could be carried out, the patient died suddenly and unexpectedly 
on November 25, 1937. 



Fig-. 3. — Section through myocardium. Note leucemic infiltration extending into myo- 
cardium, through its lymphatics (X92). 

An autopsy was performed bj^ Dr. Harold Johnson on the same day, and the 
following notes were made: “After the chest was opened, the mediastinum was 
seen to be considerabty widened as a result of infiltration of gray-white tissue in 
whicli lymph node outlines could be vaguely recognized. This infiltration ex- 
tended down over the parietal pericardium. The parietal pericardium was loose!}' 
adherent to the visceral pericardium, because of an infiltration of similar tissue 
into the visceral pericardium. This was rough and shaggy, in areas. There was 
no excessive amount of fluid in the pericardium. The heart was of normal size 
and weighed 330 grams. The myocardium was a pale pink in color, and through 
this there was a heavy mottling of gray-white areas. The heart was otherwise 
normal. The left lung was collapsed, and its pleural surface was irregularly 
thickened with opaque nodules. Within the left pleural cavity there were 800 c.c. 
of serosanguineous fluid. The right lung was normal. The spleen weiglied 120 
grams, its parenchyma was soft, its cut surface was pale red, and it was peppered 
with gray-white spots throughout. Tlie left kidney showed a few bulging, red, 
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speckled nodules on its surface. The bone marrow from the vertebrae and the 
femur was grayish red and soft. The lymph nodes along the aorta, in the medi- 
astinum, mesentery, and subcutaneous regions were all enlarged, firm, and gray- 
white in color.” The diagnosis from these gross abnormalities was as follows: 

1. Leucemic infiltration into the pericardium, mjmcardium, left pleura, spleen, 
liver, kidney, Ij-^mph nodes, and mediastinum. 

2. Hj’perplasia of the bone marrow. 

Gross examination of the brain by the neuropathologist. Dr. Helena Biggs, showed 
chronic passive congestion. Histologic examination of sections from various or- 
gans confirmed the gross diagnosis. The infiltration into the myocardium is seen 
in Fig. 3. 

DISCUSSION 

A large leucemic pericardial effusion, such as was encountered in 
this ease, does not present itself often. From the point of view of 
frequency, therefore, the lesion is not a very important one. "When it 
does occur, its diagnosis will probably not be as difficult as it was in 
this instance. Its recognition will depend, first, upon the diagnosis 
of the pericardial effusion, and, second, on discovery of the leucemic 
state. The mistake here occurred because the leucemia, early in the 
course of the disease, was unaccompanied by the usual leucoeytosis, 
hemorrhagic tendencies, and lymph node enlargement. However, the 
purpose of this report is not to emphasize the difficulties in the diag- 
nosis of leucemic pericardial effusion, but rather to show that, because 
of the insidious onset of the illness, the fever without a corresponding 
leucoeytosis, the massive serosanguineous pericardial effusion, the small 
heart, the absence of cardiac murmurs, the T-Avave changes in the 
electrocardiogram, and the supposedly associated tuberculosis, as rep- 
resented by the enlarged mediastinal lymph nodes, there Avas in this 
case a group of abnormalities Avhieh are recognized as characteristic 
of tuberculous pericarditis.®’ HoweAmr, the failure to demonstrate 
the tubercle bacillus in the pericardial fluid proved to be significant 
in this instance. The conclusion is therefore warranted, from this 
experience, that reservations should be placed upon the diagnosis of 
tuberculous pericarditis Avhen the causative organism cannot be re- 
coAmred from the pericardial effusion, even though some observers® 
consider that associated mediastinal disease is of equal etiologic 
significance. 

SUMMARY 

1. A case of lymphatic leucemia is reported, in Avhich a massive peri- 
cardial effusion, simulating the tuberculous variety, was the only strik- 
ing abnormality early in the course of the disease. 

2. The difficulty in making the correct diagnosis during the aleucemic 
stage is discussed. 

3. The subsequent development of enlarged lymph nodes and the 
characteristic leucoeytosis enabled a correct diagnosis to be made be- 
fore death, and this Avas confirmed by necropsy. 
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4. Emphasis is placed upon the necessity of demonstrating the tu- 
bercle bacillus in the pericardial fluid, whenever a diagnosis of tuber- 
culous pericarditis is entertained. 

We wish to thank Dr. David Eiesman for permission to report this case, and to 
acknowledge the cooi^eration of the Division of Pathology in tlie preparation of 
the report. 
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Hill, W. H. P., and Andrus, E. C.: The Cardiac Factor in the “Pressor” Effects 

of Benin and Angiotonin. J. Experimental Med. 74: 01, 1941. 

Upon the isolated hearts of eats perfused with Binger-Locke solution, renin 
produced no significant effect. Angiotonin, on tlie oilier liand, brought about de- 
crease in coronary flow and increase in amplitude of heat without any consistent 
effect upon heart rate. 

Both renin and angiotonin augmented the cardiac output and raised the ‘ ‘ arterial ’ ’ 
pressure in the Starling heart-lung preparation ; here too without influence on the 
heart rate. 

Electrocardiograms recorded before, during and after the pressor effects of renin 
and angiotonin in the anesthetized cat showed no abnormalities until the blood 
pressure had risen above 190 mm. Hg when various types of cardiac arrhythmias 
appeared. Tliese were prevented, or normal rhythm was restored, by cutting the 
vagus nerves or injecting atropine. 

It is concluded that the “pressor” effects of renal pressor substances include 
direct stimulation of the myocardium and augmentation of ventricular beat. Unless 
these actions lead to e.vcessive decrease in diastolic volume of the ventricles, the 
cardiac output will be increased. The significance of this in the production of the 
pressor effect is discussed. 

Authors. 

Strombeck, J. P.: Effects of Arterial Eesection. Experimental Angiographic 

Study. Acta chir. SScandinav. 83; 510, 1940. 

The animal experiments carried out by Leriche's co-workers, Fontaine and 
Sclinatter, witli the view to sliowing tlie mode of action of arterial resections, liave 
been cliecked by using a technique more free from objections. Eesections of 
thrombotic portions of arteries showed no reliable effect as demonstrated by arterio- 
grams. 

Author. 


Karsner, H. T., Simon, M. A., and Fujiwara, T. P.; Belation of Experimental 
Pulmonary Arterial Hypertension to Arteriosclerosis. Arch. Path. 31: 585, 
1941. 

What is probablj' a slight degree of pulmonary arterial hypertension, lasting over 
many months, is induced by the lodgment of large numbers of small seeds in the 
small arteries and arterioles of the lungs of the dog. The evidence of such liy'per- 
tension is found -in the squaring of the ends and the increase of the transverse 
diameters of the nuclei of the cardiac muscle. The probable slight increase of pres- 
sure, persistent and prolonged, does not cause pulmonary arteriosclerosis. 
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Feldt, R. H., and Wenstrand, D. E. W.: The Cold Pressor and the Breath-Holding 

Test. An Analysis of Results in Two Hundred Subjects. Arch. Int. Med. 67: 

1157, 1941. 

In the present series of 200 cases the mean responses of the blood pressure to 
the cold pressor test and the breath-holding test were similar except that breath 
holding obtained a slightly greater systolic reaction among normal hj^oreactors. 
In most of our subjects the response to the cold pressor test was the same as or 
higher than the response to the breath-holding test. Wide differences between the 
reaction to the cold pressor test and the reaction .to the breath-holding test were 
at times found in the same person. Hyperreaction to cold was found in thirty-nine 
subjects who were hyporeactors to breath holding. Hyperreaction to breath 
holding was found in sixteen subjects who were hyporeactors to cold. 

Authors. 

Scuderi, Carlo S.: Fat Embolism: A Clinical and Experimental Study. Surg., 

Gynec. and Obst. 72: 732, 1941. 

After injury to bone marrow fat or adipose tissue, there is a disintegration of 
the supporting fibrous tissue .with liberation of fat. Naturally there are ruptured 
blood vessels in the vicinity of the injurj\ The arteries squirt more blood into the 
area, thereby increasing the pressure, while the veins remain open and absorb the 
fatty mixture by venous suction. Fat embolism is more common in fracture than 
in any other condition because the veins are encased in a bony wall and hence cannot 
collapse as elsewhere in the body; tlius they remain wide open for the admittance of 
the fatty mixture. Death from fat embolism is not common after fractures. 
Grondahl states that the occurrence is fatal in only 1 out of 300,000 fractures. 

There is no clinical correspondence between tlie apparent injury and the degree 
of resulting lipemia. Injuries which are apparently identical may in one individual 
be followed by a fatal lipemia, while in another the same injuries may cause but a 
slight disturbance. The onset may be sudden, within a few hours of the injury, but 
usually does not become manifest until the tliird or fourth day. Once the symptoms 
set in, they may vary from a slight irritability and excitability to maniacal periods 
associated with high grade delirium and death. In tlie more severe cases dyspnea 
appears with gradual passive congestion of the lungs as more capillaries are ob- 
structed. A cough of productive nature may appear and lead to a diagnosis of 
bronchopneumonia. 

The majority of cases of fat embolism are so mild that they do not cause symp- 
toms, or so severe that death results in a few days from involvement of the lungs 
or the brain. During life the diagnosis is justified only if there is a history of an 
injurj', with the typical clinical manifestations. Confirmatory signs are the presence 
of fat in the urine, the demonstration of fat emboli in the retinal vessels, and tlie 
appearance of petechial hemorrhages in the chest, shoulders, and neck. 

The prognosis in fat embolism should always be reserved because some of the 
patients who appear to be coming along well suddenly grow worse and die. Most 
of the patients recover, but due to the fact that only the fatal or very sick cases 
are diagnosed and the mild cases overlooked, most people have the reverse idea. 

Since all the bone marrow fat extracted from a femur is not sufficient to cause 
death, the author believes, from experimental evidence, that oleic acid, one of the 
.split products of the neutral olein of bone marrow, is the probable etiologic agent. 
This substance is seven times as lethal as neutral bone marrow fat and sufficient 
quantity could easily be available. 


M. Naide. 
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dooke, W. T., and White, P. D.: Auricular Fihrillation Following the Injection 
of Acetyl-B-Methyl Choline Chloride (Me cholyl) During an Attack of 
Paroxysmal Auricular Tachycardia or Flutter. Cardiologia 4; 313, 1940. 

In a new case of paroxysms of tacli3'cardia with an electrocardiogram showing 
short P-E intervals and wide QRS complexes and. otherwise normal heart (tj'pe 
described by Wolff, Parkinson, and White), auricular fibrillation of one and one- 
half hours’ duration was produced during an attack of paroxysmal auricular 
tachycardia (or flutter) by an injection of acetyl-B-methylcholine chloride (5 mg.). 

Authors. 

Kisch, B.: The Changes of the Chest-Leads of the Electrocardiogram Due to 
Damage of the Heart’s Surface. Cardiologia 4: 318, 1940. 

A small damage concerning the contTactilit5' of the surface laj’^er of the heart 
muscle produced experimentall3'’ b3’’ local KCL application is sufficient to change 
the chest lead electrocardiogram in a high degree, even if the standard electro- 
cardiogram leads show iio remarkable changes. 

In a right side damage the right chest lead is more changed than the left chest 
lead and vice versa. 

If the damage is strictl3' limited to one side of the ventricle, there is a lifting 
of S, the S-T segment and T in the homolateral chest lead and a depression of the 
same parts of the electrocardiogram in the heterolateral chest lead. 

Should both parts of the ventricle be damaged, mixed effects result which depend 
on the place and the size of the damage. 

Experiments on the frog’s heart, which has only one ventricle, proved, that also 
in our other animal experiments the changes produced in the chest lead are not to be 
referred to changes in tlie behavior of the right or left chamber in an anatomic 
sense, but only to a change in the behavior of the right or left part of the surface 
la3'er of the heart muscle. 

These experiments show clearl3’ the' importance of taking at least a right and a 
left chest lead in all cases of clinical investigations, for arriving at more exact 
diagnosis. 

Author. 

Teran, V. S.: Three Observations on Complete Intermittent Auriculo-Ventricular 
Block. Eev. argent, de cardiol. 7: 374, l941. 

Three observations of intermittent complete heart block are reported, one of 
them with a manifest vagal factor in its .production. 

A curious form of auricular arrh5^thmia was observed in the course of ven- 
tricular arrest in one of the observations. 

The ventricular complexes during complete block showed as compared with 
those during sinus rhythm; increase in amplitude and duration of QRS, longer 
duration of ST, and increase in size of the T wave. 

! Author. 

Cohen, L., Gray, I., Nash, F, I., and Fink, H.; Calcareous Aortic Stenosis: Re- 
port of Nine Cases With Autopsy Findings. Ann. Int. Med. 13; 2091, 1940. 

Calcareous aortic stenosis is a disease predominantly affecting males and usuall3’ 
occurring past middle life, but occasionally encountered in 3’ounger persons. The 
outstanding physical signs are the t3'pical murmur, accompanied by a diminished 
second aortic sound and a palpable thrill over the aortic area. The heart is enlarged. 
The stenotic aortic lesion is usually accompanied by changes (atheromatous) in the 
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aorta and coronary arteries and at times by calcific changes in the mitral valve 
and ring. Tlie syndrome of angina pectoris and disturbances in cardiac rhythm are 
commonly seen in this disease. The occurrence of sudden death is a striking and 
frequent characteristic. 

In this communication nine cases of calcareous aortic stenosis have been reported 
and the etiologic factors, morphologic changes, and clinical features have been dis- 
cussed. 

Authors. 

Bain, C. W. C., and Wray, S.: Ruptured Aortic Valve With Mycotic Aneurysm 

Due to Acute Bacterial Endocarditis. Brit. Heart J. 3: 132, 1941. 

A case of rupture of the aortic valve with a mycotic aneurysm due to bacterial 
endocarditis has been described. The temperature was subnormal throughout the 
illness. Death took place quickly with signs of left ventricular failure. 

Authors. 

Denenholz, E., and Rambar, A. C.: "Rheumatic Fever in a Newborn Infant. Am. 

J. Dis. Child. 61: 1044, 1941. 

A case of probable rheumatic fever in a breast-fed infant, 10 days old, is reported. 

Stone, S.: Treatment of Sydenham’s Chorea by Fever and Vitamin B Therapy. 

New England J. Med. 223: 489, 1940. 

Twenty patients with severe, moderately severe, and mild cases of Sydenham’s 
chorea were treated. Five of the seven cases received artificial fever therapy, 
together with vitamin B complex given orally and thiamin chloride given 
parenterally. One severe and one moderately severe case received thiamin chloride 
parenterally and vitamin B complex orally, while all the others received oral medica- 
tion only. 

In the electropyrexia-treated cases recovery was produced with about fourteen 
hours of fever at 104° F. or over. When this was combined with vitamin B therapy, 
advanced cardiac conditions were found to be no contraindication to the fever 
treatment. Usually a change for the better in the carditis was noted at the end of 
the treatment. 

One of the two cases treated with thiamin chloride responded with cessation of 
symptoms after the second intravenous injection of 10 mg. of the drug. 

Various degrees of behavior disturbances were seen in most of the moderately 
severe and milder cases. They all received 4 to 8 c.c. of vitamin B complex orally, 
three times daily. The improvement in physical manifestations was less rapid than 
it wms in the fever-treated cases, but most of the symptoms disappeared wdthin one 
month. No hospitalization was required for any patients in this group. Improve- 
ment was noted in their beha%dor concomitantly with the change for the better in the 
choreic manifestations. 

Author. 

Landis, E. M.: Hypertension and the Pressor Activity of Heated Extracts of 

Human Kidneys. Am. J. Med. Sc. 202: 14, 1941. 

Heated kidney extracts were prepared from tissue obtained at autopsies of sixteen 
cases with normal blood pressure during life and of thirty-four cases with marked 
hypertension. Anesthetized, .nephreetomized rabbits were used for assay.. Kidney 
extracts prepared from cases of benign hj'pcrtension and chronic glomerulonephritis 
were not more active than those of normal kidneys. The four extracts which showed 
pressor activitj' outside the normal range all came from cases of malignant nephro- 
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sclerosis. Nevertheless, the variations in activity, even in this group, make it 
impossible to demonstrate by these methods any clear relation between blood pres- 
sure during life and the renin content of kidney tissue after death. 

The rise in blood pressure produced by active extracts of human kidneys is 
.similar to that observed with renin from other species in that the blood pressure of 
the unanesthetized rabbit rises without a decrease of peripheral blood flow. 

Author. 

Cameron, D. E., and Bosen, S. B.: The Beactivity of Intracranial Vessels in the 

Aged. Am. J. M. Sc. 201: 871, 1941. 

A method is reported for investigating the reactivity of the cerebral vessels by 
observation of the spinal fluid pressure changes after intravenous injections of 
histamine. 

A series of thirty-eight senile and fifty-five psychiatric patients at younger age 
levels was examined. 

The average rise in spinal fluid pressure in the senile group was 34 mm. of water; 
the average for twenty-nine alcoholics included in the younger group was 86 mm. 
of water, and the rise for the twenty-six remaining patients in the younger group 
was 70 mm. of water. 

The bearing which this may have on possible cerebral anoxemia in the aged was 
considered. 

Authors. 

Montgomery, L. C.: A Case of Multiple Arterial Thrombosis Occurring in a 

Professional Blood Donor. Canadian M. A. J. 44: 289, 1941. 

A case is reported of a man, aged 44 years, a professional donor for three years, 
who developed a hemiplegia following the giving of a transfusion of 500 c.c. of 
blood. He had given 375 c.c. five days previously. Fifteen days after the hemi- 
plegia he developed thrombosis of the splenic artery and wliile still in the hospital 
mesenteric thrombosis occurred. The latter two arterial thromboses were confirmed 
at operation and autopsy. The author suggests limiting the number of transfusions 
which a professional blood donor may give within a specified time. No pro- 
thrombin time was done on this patient. 

M. Naide. 

von Hofer, H.: The Influence of Gas-Mask Breathing on the Circulation of Men. 

Cardiologia 4: 331, 1940. 

The influence of the gas mask on the circulation, especially on the electro- 
cardiogram, was tried in fifty persons. Changes were found in respiration, pulse 
rate, blood pressure and electrocardiogram. They were fairly the same as after 
mild exercise. 

Conclusions were drawn that the gas-mask breathing is w'ell endured by normals, 
but in cardiacs some damage must be assumed. 

Author. 

Veal, J. Boss, and Hussey, Hugh Hudson: The Venous Circulation in the Lower 

Extremities During Pregnancy. Surg., Gynec. and Obst. 72: 841, 1941. 

The assumption that postural dependent edema and varicose veins of the lower 
extremities in pregnant w'omen are due to localized obstruction of the deep veins 
is supported by the types of pressure curve obtained when popliteal venous pres- 
sures are recorded during exercise. 
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Tlie factors responsible for increasing the degree of localized venous obstruction 
in some pregnant vromen to the extent of causing edema or varicose veins or both are 
not perfectly understood. The size and position of the uterus are factors of recog- 
nized importance. 

In pregnant women manifesting significant obstruction of the femoro-iliac veins, 
pro'V’ision of adequate support for the superficial veins by means of elastic stockings 
minimizes or prevents the development of varicose veins. 

Authors. 

Glaser, S. Thomas, and Lesser, Albert: Femoral Vein Ligation for Chronic Oc- 
clusive Arterial Disease. Am. J. Surg. 52: 100, 1941. 

Twenty cases of occlusive arterial disease of the lower extremities in which 
femoral vein ligation was performed have been presented and studied with follow-up 
for periods ranging up to two 3 ’ears. Definite relief of pain has been effected b.y 
this procedure in the majority of cases studied. Local demarcation and spon- 
taneous separation of gangrenous tissue has been facilitated by femoral vein liga- 
tion in at least ten out of seventeen cases of gangrene. 

The opening up of new collateral vessels is believed to have been produced and 
was satisfactorilj’^ demonstrated in at least two cases. Eestoration of pulsation 
of the femoral artery was demonstrated in two cases after femoral vein ligation. 
There were no harmful or untoward effects as a result of the venous stasis pro- 
duced. Femoral vein ligation is a simple procedure, easily performed under local 
anesthesia and unattended by any morbiditj* or mortalitj'. 

■\Ve believe this procedure to be of definite value in impending or early minimal 
gangrene of the lower extremities in the chronic occlusive arterial diseases. 

Authors. 

Mulholland, John H., and Rovenstine, E. A.: Surgery in the Carotid Sinus Syn- 
drome. Surgerj' 9: 751, 1941. 

The procedures emploj'ed in the diagnosis, preoperative care, anesthetic manage- 
ment, and operation in the carotid sinus sjuidrome are described. Mention is made 
of the clinical application of knowledge of this reflex area. Five cases are cited 
brieflj'. The sjTnptoms of hv-peractive carotid sinus reflex maj' be relieved by sur- 
gical denem’ation of the sinus. 

Authors. 

Gray, Howard K., and Skinner, Ira C.: Constrictive Occlusion of the Superior 
Vena Cava. Surg., Gynee. and Obst. 72: 923, 1941. 

Three cases of constrictive occlusion of the .superior vena cava in which the 
patients were treated bj' operation have been reported. In two of these there was 
probabh" an associated thrombo.sis, in tlie other the constriction was caused bj' a 
mass of calcified tuberculous gland.*:. Mediastinotomj- with the release of the con- 
strictive bands seems indicated in those cases of superior vena caval obstruction 
in which the venous pressures are increasing and in which the .sj^mptoms are pro- 
gressing. 

Authors. 

Evans, W., and Faxon, T,: A Comparison of the Mercurial Diuretics Used in 
Heart Failure. Brit. Heart J. 3: 112, 1941. 

Certain mercurial diuretics were submitted to a clinical trial in fiftj’ patients 
with heart failure, for the purpose of deciding their relative diuretic potency. The 
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best method of administering them was also investigated, as well as the best means 
of augmenting their natural diuretic action. Esidrone, mersalyl, neptal, and 
salyrgan. were given in 2 c.c. doses intravenously (19 ( times), and intramuscularly 
(110 times). Mersalyl, neptal, and salyrgan were tried orally in tablet form, and 
novurit and salyrgan were tested as a rectal suppository. Eleven methods of en- 
hancing the diuretic effects of mercurial salts were also tested, and 507 observa- 
tions were devoted to this problem. The results of this investigation are as fol- 
lows: 

Neptal and esidrone when given intravenously or intramuscularly produced the 
largest diuresis, rather larger than salyrgan and much larger than mersalyl. 

The intravenous method almost always induced greater diuresis (average 
diuretic index of 76) than the intramuscular method (average diuretic index of 56). 

Of the two rectal suppositories tried, novurit gave much better results than 
salyrgan. 

Neptal tablets by mouth proved more efiScient (average diuretic index of 32) 
than mersalyl tablets (average diuretic index of 19), salyrgan tablets, or novurit 
suppositories rectally (each with a diuretic index of 17). Ammonium chloride was 
always given in association. 

Although the urinary output after oral administration of a mercurial salt was 
greatest when 0 to 48 Gm. (three new tablets) of neptal were used, satisfactory 
diuresis was also produced by 0.32 g. (two new tablets). 

Thirty grains (2 Gm.) of ammonium chloride given two hours before the adminis- 
tration of a mercurial preparation proved to be the best form of premedication. 
Enteric chocolate-coated tablets, each containing 7.5 grains (0.5 Gm.), proved the 
most convenient form of dispensing ammonium chloride. 

In a patient confined to bed with heart failure and especially with edema, stand- 
ard treatment would include the injection of a mercurial diuretic (2 c.c.) intra- 
venously or intramuscularly every third day, preceded on each occasion by the ad- 
ministration of four tablets (30 grains or 2g) of ammonium chloride by mouth 
two hours before. During the ambulatory stage the patient should take neptal 
tablets (three in all, or 0.48 Gm.), twice weekly in the more severe case, and once 
a week in the less severe ease, after the same premedication, and receive an intra- 
venous or intramuscular injection (2 c.c.) at intervals according to need. 

Authors. 

Miller, J. E,., and Van Dellen, T. E.: Electrocardiographic Changes Eollowing the 

Intravenous Administration of Magnesium Sulfate. III. Combined Effect With 

Digitalis. J, Lab. Clin. Med. 26: 1116, 1941. 

In the digitalized dog magnesium sulfate is capable of altering the contour of 
the T rvaves and producing a further delay in auriculoventricular conduction time 
in excess of that of digitalis or magnesium alone. 

In the digitalized dog magnesium sulfate causes a brief increase in rate, followed 
by a slowing which approaches that obtained by digitalis. It is thus capable of 
overcoming the vagal stimulation produced by digitalis but for short periods only. 

In the digitalized dog magnesium sulfate is capable of producing impulses of 
ectopic origin. 

The results indicate that magnesium sulfate does not overcome the effects of 
digitalis intoxication but increases the degree of block and the occurrence of 
ectopic impulses. 


Authors. 



430 


THE AJIERIGAN HEART JOURNAL 


Iglauer, A., and Altschule, M. D.: The Effect of Arterial and Venous Constric- 
tion Induced hy Paredrine (p-Hydroxy-a-Methylphenylethylamine Hydrobro- 
mide) on the Lung Capacity and Its Subdivisions. Am. J. M. Sc. 201: 664, 
1941. 

Tile subdivisions of tlie pulmonaiy volume mere measured in seven experiments 
on five normal .subjects after the administration of paredrine. 

No significant deviation from the control values occurred. 

Paredrine therefore does not produce marked changes in the blood content of the 
capillaries of the lungs. 

Authors. 

Hueper, W. C., and Ichniowski, C. T.: Experimental Studies in Cardiovascular 
Pathology. II. Pathologic Lesions in Organs of Cats, Guinea Pigs, and Frogs, 
Produced by Digitalis Poisoning. J. Lab. and Clin. Med. 26: 1565, 1941. 

The introduction of single lethal doses of digitalis glycosides into guinea pigs, 
as well as of repeated sublethal doses of the drug into cats, results in the produc- 
tion of degenerative and necrotic myocardial and extracardiac (cerebral, supra- 
renal, hepatic, renal) organic lesions in the majority of the animals treated. 

Some of the animals, however, dying from the toxic effects of the digitalis 
glycosides show at death no appreciable, or only minor cardiac, changes, while 
the extracardiac, and particularly cerebral, lesions are well developed. 

The anatomic evidence obtained indicates that subacute and delayed death 
from digitalis poisoning may be the result of anatomic, myocardial lesions of 
severe tj^re or, in the absence of these, of extracardiac cerebral or suprarenal 
lesions. 

Authors. 

Modell, W., Gold, H., and Eothendler, H. H.: Use of Digitalis to Prevent Exag- 
gerated Acceleration of the Heart. During Physical Exercise in Patients With 
Auricular Fibrillation. J. A. M. A. 116: 2241, 1941. 

The average patient with auricular fibrillation has acceleration of ventricular 
rate during exercise chiefly, if not entirely, by decrease of the vagal tone. In 
these cases blocking the vagus by means of atropine accelerates the ventricles to 
the same maximum level as extreme physical exertion. 

There is an indication that in some patients, e.speciallj^ those with advanced 
heart failure, an accessorj^ mechanism for acceleration may also be invoked during 
extreme physical effort. 

Exaggerated acceleration of the ventricles caused by physical exercise in 
patients with auricular fibrillation can be prevented in most cases by "extra- 
vagal” digitalization, a state in which the ventricles are slowed chiefly by the 
direct action of digitalis on auriculoventricular conduction and in which vagal 
tone has been, for the most part, lost. It is produced by relatively large doses 
of digitalis. In this state, the ventricular rate rarely exceeds 100 beats a minute 
after the vagi are blocked by atropine or after severe physical exercise. 

The rate of the A'entricles during rest does not disclose whether the digitalis has 
caused the slowing bj' the "vagal” or by the "extra vagal” mechanism. There 
are trvo methods for determining "extra vagal” digitalization: 1. the atropine 
test (the intravenous injection of 2 mg. of atropine sulfate) and 2. phj’^sical exer- 
cise. After neither of these tests will the ventricular rate rise appreciably above 
100 beats a minute if enough digitalis has been given to cause slowing by the 
extravagal mechanism. 


AUTHOR.S. 
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The Heart in Pregnancy and the Chiedbearing Age: By Burton E. Humilton, 

M.D., Cardiologist to the Boston Lj'ing-In Hospital, and K. Jefferson Thomson, 

M.D., Associate Physician, Metropolitan Life Insurance Co, Sanatorium, Mt. 

McGregor, New York, 1911, Little, Brown, and Co., Boston, 402 pages. $5.00. 

This hook is important both to cardiologists and obstetricians. It contains the 
olxservations of a careful ph 3 ^sieian who has been seeing and treating cardiac pa- 
tients during pregnancj* over a period of twenty jmars. Manj’’ interesting statis- 
tical studies of various aspects of this series of 850 cardiac patients are presented, 
although at times the deductions from the statistics do not appear conclusive 
because other interpretations seem to be equalty reasonable. Much of the material 
has appeared in the authors’ previous publications, but it is here collected and 
discussed at length. 

The book is divided into three separate parts. The first part considers the 
diagnosis of heart disease in pregnancy, this is followed bj^ Hamilton’s con- 
clusions as to prognosis and treatment, based upon his experiences at the Boston 
Lying-In Hospital. 

Much space is given to a description of the diagnostic features of valvular 
disease, but too little space is devoted to a definition of the diagnosis of heart 
failure. It is not made clear at what stage of the process of cardiac insuliiciencj' 
the authors would begin to appty the term “heart failure.’’ Certain writers re- 
strict this term to a condition associated with marked limitation of phj^sical 
activity due to cardiac s,ymptoms and associated with certain phj'sical signs. That 
the authors do not have this condition in mind is apparent from the statement that 
“persistent rales are typically an early and sometimes subclinical sign of heart 
failure, appearing before the patient notices anj' change in her breathing. ’’ A his- 
torj' of heart failure, as related by the patient, must certainlj’ depend upon a 
more marked degree of failure than this, so that the patient’s history of heart 
failure and the demonstration of heart failure in the authors’ clinic must obvi- 
ously represent quite different degrees of the process. It does not seem, for this 
reason, that “the finding of a historj^ or of signs of heart failure’’ should be used 
interchangeabty as a basis for placing a woman in the class of “unfavorable’’ 
cardiacs. 

Nevertheless, the method suggested for dividing cardiacs as to prognosis must 
have definite value because of the great difference in the mortality statistics be- 
tween the “favorable’’ and “unfavorable’’ groups of patients with heart disease. 
Hamilton’s statement that “any cardiac maj’ fail at any time’’ suggests, however, 
tiiat in his experience this method of dividing cardiacs does not serve to separate those 
who may develop failure from those who will not. It is the experience of most of 
those who have used the New York Heart Association classification that such a 
grouping is found in the patients with Class I Functional Capacity, and j'et the 
authors see no value for prognosis in dividing cardiacs on the basis of functional 
capacity, as outlined by the New York Heart Association. Others, however, have 
found this method of value, and the final decision as to its usefulness must awmit 
further experience. 

Hamilton obtains no assistance from observation of the patient after an effort test 
and considers this “too harsh a method for estimating the state of delicate 
cardiacs in pregnancy.’’ This seems to ignore the evident fact that there are 
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some cardiacs who are not delicate during pregnancy, and are able to carry on 
their accustomed household tasks, perhaps in addition to taking care of a numer- 
ous and troublesome family of children. 

There are interesting observations on the influence of age and parity upon the 
prognosis of heart disease during pregnancj’', and on the influence exerted by auricu- 
lar fibrillation and other arrhj'thmias, and by serious complicating diseases, such as 
tuberculosis, sypliilis, hypertension, pre-eclampsia and eclampsia, and pyelitis, upon 
the course of cardiac patients. The observation that heart failure seldom occurs 
for the first time at or following deliverj' has far-reaching implications which are 
developed in detail. Seventy-five per cent of the deaths, however, occurred during the 
puerperium, and 25 per cent occurred during pregnancy. , 

There is an important and practical discussion of the factors which may precipi- 
tate or contribute to heart failure, under the headings of infection, fatigue, gain in 
weight, anemia, and other less important and less frequent conditions. Also of great 
practical importance is the regime for the prevention of congestive heart failure. 
It is a detailed discussion of the directions to be given to the pregnant patient 
with cardiac disease in order to lessen the chance that she might develop heart 
failure. If we believe, as do the authors, that under a sufi&ciently severe strain 
‘ ‘ an}' patient with mitral stenosis may develop congestive failure suddenly, no matter 
how favorable the particular case may appear,” then these restrictions must be 
applied to all cardiacs, as they recommend. Many cardiologists might feel that a 
weeklj' visit is more of a luxury than a necessity for many patients, but the 
authors do not believe so. They feel that it is particularly important from the 
end of the fifth to the end of the eighth month, a dictum in which all would join. 
By this close observation they have noted the development of congestive heart 
failure in 20 per cent of all their cardiacs at some time during pregnancy. 

There is a very common-sense and realistic section on the part the physician 
should play in advising against pregnancy or in advising therapeutic abortion 
because of heart disease. Hamilton believes that it is not the physician's part to 
recommend, but that he should give his patient the benefit of his knowledge of the 
degree of risk involved in a case such as hers, and so help her to a decision as to the 
course she would desire to pursue. 

There is an excellent chapter by Dr. F. C. Irving, on the principles and methods 
used for delivery of cardiacs at the Boston Lying-In Hospital. His observations 
on the features which favor abdominal section, as against induced labor, in the 
third to sixth month, on the desirability of avoiding hysterotomy in the later 
months, and of avoiding vaginal hysterotomy at all times, deserve serious con- 
sideration. 

In the aftercare of cardiacs, emphasis is placed upon avoiding the adminis- 
tration of excessive fluid to those who show signs of heart failure. The harm- 
lessness of nursing the infant is also emphasized. The authors’ statistics on the 
rate of fetal mortalit}' in this group of cases show a surprisingly high figure, 
even in the group of “favorable” cardiacs. To the knowledge of the reviewer, 
this has not before been prominently mentioned. 

The second part of the book contains an important series of observations upon 
the variations of various circulatory functions during normal pregjiancy, and the 
modifications of these functions that result from cardiac disease. Observations on 
the symptoms and clinical examination of a group of normal pregnant women are 
followed by observations on the heart size, as shown roentgenologically, the elec- 
trocardiogram, roentgenologjc studies of the lungs and thorax, the vital capacity, 
the pulse and respiratory rate, the arterial pressure, venous pressure, circulation 
time, blood volume, and other features. Similar observations on a group of 99 preg- 
nant cardiacs show the importance of vital capacity observation as an aid in the 
diagnosis of heart failure, and the possible usefulness of a measurement of total 
blood volume. 
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Book Three returns to the clinical aspects of heart disease in pregnancy, but 
particularly in women of the childbearing age who are not pregnant. The effects 
upon cardiacs of complicating diseases such as eclampsia, hs'pertension, and recur- 
rent rheumatic fever are discussed, and also the effect of various valve lesions 
upon the prognosis. Congenital heart disease is discussed as it is observed in 
young women of the childbearing, age, and the effects upon these patients of 
pregnancy and labor are pointed out. 

Tills volume is an interesting exposition of Hamilton’s conclusions from his 
experiences at the Boston Lying-In Hospital. It represents an important contri- 
bution to our knowledge of a small, and perhaps somewhat neglected, phase of 
cardiac disease. 

Harold E. B. Pardee. 

Elektrokardiograi’hie fur die aRztliche Praxis: By Prof. Hr. Erich Boden, 
Diisseldorf. Sechste Auflage, Band 14, Medizinische Praxis, 1941, Theodor Stein- 
kopff, Dresden, 194 pages, 107 illustrations, E.M. 7.50. 

This book is one of a set of twentj-^-nine volumes covering a wide range of 
botli medical and surgical subjects, and was designed primarily for the general prac- 
titioner. It is a series of fifteen lectures — five on the tlieoretieal and experimental 
aspects of electrocardiograpliy, and ten on its practical application. The text is 
concise, and the illustrations are well chosen and beautifully executed. The volume 
quite adequately fulfills the purpose for which it was designed. 

Eoy IV. Scott. 

The Diagnosis and Treatment op Cardiovascular Disease: By fifty-six con- 
tributors, edited by William D. Stroud, M.D., Professor of Cardiology, University 
of Pennsylvania Graduate School of Medicine, P. A. Davis Co., Philadelphia, 
1940, 2 volumes, 1825 pages, 400 illustrations, $18.00. 

These two volumes are the most monumental work that has yet appeared in the 
field of cardiovascular disease, and represent the cooperative endeavors of fifty-six 
well-known American authorities who are eminently qualified as clinicians, and, for 
the most part, as investigators of the subjects with which they deal. Few appraisals 
of the work will carry more weight than that given in the foreword bj’’ Sir Thomas 
Lewis, who writes: “The brilliant list of American authors of the present con- 
tents includes a score of names Imown in every part of the world where cardio- 
vascular diseases have been intensively studied; tliey are known for the solid con- 
tribution of those wlio bear them to their subject. Earely before have such a 
number of authoritative writers combined to place its views of a branch of 
medicine on record, and never before of cardiovascular disease; it is a guarantee to 
the reader that he is in direct or close contact with all the fountains of modern 
knowledge, the most important guarantee perhaps tliat any reader can be given.’’ 

Even if space permitted, the reviewer is not qualified to make a critical survey of 
each contribution in these volumes. Therefore, with a few exceptions, little more 
than an enumeration of the various subjects which are presented will be at- 
tempted, but even this inll give the reader an idea of the scope of the work. 

The introductory chapter, contributed by Sprague and White, deals in an able 
way udth the classification of cardiovascular diagnosis. Since a correct diagnosis is 
the first step in sound therapy, a careful survey of the patient is imperative, and 
experience has taught that, in the field of cardiovascular disease, this is best accom- 
plished by considering in each case (1) the etiologic factor or factors responsible 
for the disease, (2) the resulting anatomic changes in the heart and vessels, (3) the 
functional disturbances which are known to occur, and (4) the immediate or ultimate 
effect of the disease on the patient’s ability to carry on. Under these four headings 
the anthers list the various conditions which are observed clinically and at autopsy 
in cases of cardiovascular disease. 
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There follows a chapter on congenital cardiac abnormalities which needs no 
further commendation than to state that it was written by the late Maude E. 
Abbott, whose extensive and scholarly work in this field is known the world over. 
Rheumatic fever is discussed in three chapters; one is by McEwen, who presents, 
in a comprehensive way, rheumatic heart disease, with illustrative case reports; 
another, by Paul, is on the epidemiologj’^; and a third is by Jones, who deals with 
a most important aspect of the subject, namely, evaluation of active infection. 
Whether a patient has an initial attack of rheumatic fever, a recrudescence of an 
earlier attack, or some other disease, is often a difficult diagnostic problem. Both 
clinical and laboratory evidences of active rheumatic infection are discussed by Jones. 

A chapter on bacterial endocarditis, by Dock, is good as far as it goes, but too 
little attention is paid to the discussion of that most important type of endo- 
carditis, namely, subacute bacterial endocarditis, which is usually caused by the 
implantation of the Streptococcus viridans on a scarred or congenitally deformed 
endocardium. An additional chapter covering this important subject would have 
enhanced the value of the treatise. 

A sound, well-written chapter on cardiovascular syphilis is contributed by Paullin 
and ilinnieh, who rightlj" emphasize that syphilis is an important cause of heart 
disease only insofar as it involves the root of the aorta, and thereby leads to aortic 
insufficiency, dilatation of the aortic ring, or occlusion of coronary ostia. Stokes 
and Anderson cover the treatment of cardiovascular syphilis in a concise and 
adequate fashion. A chapter on the heart in hyperthyroidism is contributed by 
Thomas. At this point there might well have been a discussion of the myxedema 
heart, and why it was omitted is not clear. Conner writes on cardiac neurosis; 
Porter, on the heart in anemia; and Durant, on cor pulmonale. In a chapter en- 
titled “The Cardiovascular System With Relation to the Kidneys, “ Hayman dis- 
cusses the effect of hypertension on the heart and gives the best presentation of the 
problem of essential hj’-pertension, in the light of recent experimental work, that 
is contained in the book. 

A chapter on the heart in diseases of the glands of internal secretion was 
written by Barr, and cardiac trauma is handled by Barber. Porter has a chapter 
on acute pericarditis, and White one on chronic constrictive pericarditis. Boesler 
contributes a chapter on cardiac hypertrophy and dilatation, and Vander Veer one 
on chronic valvular heart disease. A clear presentation of coronary arterj"^ disease 
is given bj^ Smith, and Levy writes on the diagnosis of coronary insufficiency, based 
largely on his experience with the anoxemia test. Stroud also writes a chapter 
on coronary disease; his remarks on treatment are notably sound and might well 
have been extended. A short chapter on nourishment of the heart by channels 
other than the coronary arteries was written by Bellet; the normal heart is dis- 
cussed by King, and Levine writes on the cardiac patient as a surgical risk. 
Noteworthj' for its lucidity and excellent illustrations is a chapter on heart 
sounds, by Wolferth and !Margolies. 

Done with characteristic thoroughness is a chapter on the form of the electro- 
cardiogram, by Wilson, who is concerned with the cause and significance of the 
various deflections in the electrocardiogram, both normal and pathologic. There 
follows a well illustrated chapter by Bellet and McMillan on clinical electrocardiog- 
raphy, covering the clinical disorders of the heart beat, myocardial infarction, 
and other conditions resulting in abnormal electrocardiograms. The roentgen- 
ology of the heart and vessels is treated by Margolies, and the final chapter of 
Volume One, on disturbances of the heart beat, was written by Herrmann. 

The first .318 pages of Volume 2 deal with various aspects of heart disease, and 
here we find several chapters on the general management of the cardiac patient. 
Stroud and Vander Veer write on the clinical efficacy of various digitalis prepara- 
tions; Stroud writes on the cardiac patient in industry; Beck, on surgery of the 
heart and pericardium; Grant, on relief of pain in angina pectoris by paravertebral 
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sympathetic block '\^•ith alcohol; Kerr, on the use of quinidine in cardiac irregulari- 
ties; Blumgart and Eiseman UTite on total thyroidectomj’- in the treatment of chronic 
heart disease, and Comstock and Stroud on physical therapy in cardiovascular dis- 
ease. Marvin contributes an interesting chapter on the prevention and relief of 
heart disease as a public health problem, and points out that until rve have more 
fundamental knondedge of human arteriosclerosis, vre can speak with no assur- 
ance regarding the prevention of such common tj’’pes of heart failure as hyper- 
tensive heart disease and coronary artery disease. Marvin also gives a review of 
the origin and aims of the American Heart Association, which is the one national 
organization concerned with all aspects of the problem of cardiovascular disease. 

Bromer and Stroud write a chapter on congestive heart failure and one on left 
ventricular failure which review the modern concepts concerning pathogenesis 
and outline the management of the conditions. A chapter on the effects of digi- 
talis on the electrocardiogram is contributed by McMillan, and Bellet and Weiss 
write on the heart and deficiency diseases. 

The remaining 505 pages of Volume Two are devoted to peripheral vascular 
disease, starting with a comprehensive chapter by Allen on normal blood pressure 
and its variations. There follow a chapter on capillary circulation by DeGraff and 
Koffmann, and one on shock by Freeman. 

Stieglitz writes a chapter on hypertensive arterial disease which conveys a some- 
what obsolete view of the subject, in the light of the more recent experimental 
work of Goldblatt and his associates, which has demonstrated the role of the 
kidney in the etiology of arterial hypertension. Stieglitz’ discussion of the subject 
is colored by his views on the pathogenesis of hypertension associated with arteriolar 
sclerosis, and is best summarized by quoting him verbatim: “What starts out as a 
purely physiological response becomes a progressive and destructive disease,” and, 
elsewhere, “the anatomic physiologic changes of hypertensive arterial disease are 
the result rather than the cause of hypertension.” Such categorical statements 
cannot be defended, since there is at present strong evidence in support of the 
view that arteriolar disease of the kidney, leading to renal ischemia, is the cause 
rather than the result of hypertension. Stieglitz tabulates a long list of predis- 
posing and provoking factors which cause peripheral vascular spasm, and believes 
that, as the result of long continued hypertension, there follow, in order, first, hyper- 
trophy, then degeneration, and, finally, fibrosis of the media, which he considers the 
essential lesions of arteriolar sclerosis. By most authorities, simple arteriosclerosis 
is regarded as primarily an intimal disease even when it affects the arterioles. In 
his discussion of tlie treatment of hypertension, Stieglitz makes no mention of hyper- 
tension associated with unilateral kidney disease. The logical and already success- 
ful treatment by excision of the diseased kidney in many cases is well knomi, and 
certainly merits consideration in any current discussion of hypertension. 

In a chapter on psychic factors in arterial hypertension, Houston discusses the 
well-known effect of psychogenic factors on blood pressure levels, but, after 
reading the chapter, one feels that undue emphasis is placed on the role of the 
nervous system in causing hypertension and vascular disease. He, like Stieglitz, 
lielieves that the chief factor leading to arteriolar disease is hypertension, but un- 
fortunately the problem of human arteriosclerosis is not so simple. For example, 
careful clinical and post-mortem studies show that negroes have more hyper- 
tension than rvhites, yet significantly less coronary artery disease. If hyper- 
tension were the major cause of vascular disease, obviously the negro should have 
more coronary disease than the white man. If worry and the strain of living were 
so important as Houston believes, it is indeed difficult to explain the fact that 
negroes, even in the deep South, have more hypertension than whites. 

Barach writes a cliapter on low arterial pressure which is eminently^ sound. 
He rightly emphasizes the fact that, in the absence of active disease, persons with 
low arterial pressures live longer than those with normal or high blood pressure. 
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Moschcowitz has a chapter entitled "Arteriosclerosis” which outlines the well- 
kno^vn pathologic changes, with remarks on pathogenesis, incidence, and localization 
of the affection, but in his discussion of the etiology of arteriosclerosis he is 
“groping in the dark for something in tlie dark.” He would have us believe that 
hj'pertension is the sole cause of arteriosclerosis, according to the simple equation: 
arteriosclerosis = intravascular pressure x time. In his zeal to prove tliis thesis, he 
exhibits a wanton disregard for the old observation that (1) many elderly people 
u-ith extensive and severe arteriosclerosis never had hypertension, and (2) that many 
middle-aged patients with coronary and cerebral artery sclerosis have a normal blood 
pressure. Would that the etiology of human arteriosclerosis were as simple as Mosch- 
cowitz claims! Considering the importance of the subject, his presentation of it 
leaves much to be desired. 

A terse and adequate account of periarteritis nodosa is written by Farley, and 
a chapter on thromboangiitis obliterans is contributed by Buerger, whose extensive 
experience with this affection is plainly evident. A discussion of erythermalgia 
(erythromelalgia) of the extremities, lymphedema of the extremities, and sudden 
embolism and thrombosis of arteries of the extremities is adequately presented by 
Allen. Thrombophlebitis is handled by Barker, and acquired arteriovenous fistula, 
temporal arteritis, and aneurysm, by Hines. A sound and well-illustrated chapter on 
arteriosclerosis obliterans is written by Wright, who recognizes the nature of the 
problem, and, avoiding dogmatic assertions regarding the etiology, gives the reader 
a comprehensive account of the subject. Wright also contributes a chapter on 
Raynaud’s syndrome and acrocj^anosis, with colored illustrations that are out- 
standing. De Takats writes a chapter on vascular anomalies, and also one on 
varicose veins; both are well illustrated and adequately cover the subject. 
Volume Two closes with a scholarly discussion of the pathogenesis and treatment 
of edema, by Landis. 

This treatise has the merits, as well as the disadvantages, which are inherent 
in a work by many authors. One finds considerable reduplication, which might be 
deleted; and a better arrangement of sequence of the chapters would considerably 
enliance the value of the book. 

The various authors have made good use of illustrations and case reports, and 
the treatise has an excellent index. For the beginner, as well as for the physician 
who knows cardiovascular disease, but wants to know it better, this work has 
much to commend it. 

Roy W. Scott. 

Naturheilkundliche Behandeung von Herzickankheiten ; Elektrokardiograph- 

ISCHE Studien : By Dr. Med et Phil. Franz Kienle, Assistant an der medizinischen 

Klinik der Rudolf Hess Hrankenliaus, Dresden. Theodor Steinkopff, Dresden, 

1940, 155 pages, 145 illustrations. 

The author attempts to prove in this short monograph that nature healing is more 
effective in controlling mj'ocardial failure and disturbances in heart rhythm than 
conventional therapy. The nature treatment consists of a liquid diet, followed 
by a soft diet, and later raw vegetables. Physical treatment consists of massage, 
warm arm- and foot-baths, carbonic acid baths in selected cases, and bandaging 
of the chest. In the introduction bj' Grote, credit is given to the late Reichs- 
iirztefiihrer. Dr. Gerhard Wagner, for the advocacy of the method. Electro- 
cardiographic studies before and after treatment are presented in an attempt to 
prove the curative results. Onl}' one case was reported in which there was failure 
of the method. Cases of myocardial failure of all tj-pes, extrasj^stoles, paroxj^smal 
tachycardia, true and false bundle branch block, and heart block are reported. 
In his conclusion, Kienle states that nature healing will in great measure meet 
all requirements, and only rarely will it be necessary to introduce medical treatment. 
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The electrocardiographic interpretation is fanciful at times, especially when the 
author presents it as evidence of improvement. 

The book can be recommended only as evidence that there is a new school of 
thought in Germanj'^, wherein old and tested methods of therapy are scrapped in 
favor of natiirlieillcundlwlie Behandhmg. 

Haeold Feil. 

Herzkeankheitek, Band 1: Physiologie, Beueteilung, und Punktionelee Pa- 
THOEOGiE DES Herzens : By Prof. Dr. Max Hochrein, Direktor der Medizin, Uni- 
versitats Poliklinik, Leipzig. Theodor SteinkopfE, Dresden and Leipzig, 1941, 480 
pages, 170 illustrations. 

This is a good exposition of diseases of the heart, chiefly from a ph 5 ’siologic 
point of view. The review includes many of the newer conceptions and is fairly 
comprehensive. Opening with a recapitulation of normal anatomy and physiology, 
Hochrein continues with clinical aspects, then follows with a full discussion of 
the pathologic phj'siolog}' of diseases of the circulation. It is a sound work. 
The author presents to the German medical profession the currently accepted 
ideas about heart disease, including much English and American work. 

Harold Feil. 
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RHEUMATIC INFECTION IN CHILDHOOD ; INFLUENCE OF 
TYPE OF ONSET AND CALENDAR YEAR OF ONSET 

Rachel. Ash, M.D. 

Philadelphia, Pa. 

I N A PREVIOUS iiaper^ a statistical analysis was presented of a group 
of rheumatic patients who had been under the care of the Children’s 
Hospital during the years 1922-1932, inclusive. The initial year, 1922, 
was chosen because it marked the time when the clinic for supervision of 
patients with rheumatic infection or lieart disease had been founded by 
the late Dr. Horace H. Jenks. 

The present paper extends this analj’-sis to cover the first fifteen years 
of the clinic. It is based on a follow-up studj’- of all rheiunatic children 
whose primary manifestation liad occurred during the years 1922-1936, 
inclusive, and who had come under the care of the Children’s Hospital, 
either in the wards or Outpatient Department. Rheumatic infections 
of all degrees of severity were included. Forty-six children had been 
admitted to the ward with infection serious enough to result in death 
before the termination of the first year of the disease. In five instances 
the duration of the fatal illness had been less than one month. Seventy- 
eight children had been cared for solely through the Outpatient Depart- 
ment. Of the children discharged from the ward, those unable to afford 
private medical care had been kept under the supervision of the clinic 
until their fourteenth year, at ivliich time they were transferred to 
cardiac clinics for the care of adults. Patients of private physicians 
were advised to remain under the continuous supervision of their 
medical advisors. 

All children on whom the diagnosis of rheumatic infection had been 
made were included, irrespective of the presence or absence of clini- 
cally recognizable heart disease. 

Of the original group of 583 children, 473 (81.1 per cent) were 
white ; 110 (18.9 per cent) were colored; 255 (43.8 per cent) were 

ClAWren’s Hosr.Ual of Philadelphia and the Pepartment of Pediatrics 
University of Pennsylvania Medical School. ^ ^ vl jreuiairics. 

Received for publication Feb. 14. 1941. 
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males, and 328 (56.2 per cent) were females. One hundred thirty- 
seven (23.8 per cent) had been under the care of the Children’s Hos- 
pital prior to the onset of rheumatic infection. 

The average age at onset was 6.9 years, with limits varying from 17 
months to 12 years. Six children were less than 2 years of age at the 
time of their primaiy manifestation, and nineteen, less than 3 years. 

In 1939, all children not under current observation were requested to 
return for examination. Additional information was obtained from the 
records of other hospitals or private physicians who at some time had 
been responsible for the care of these patients. As a result of these 
elforts, 527 (90.4 per cent) were traced. Of those concerning whom no 
information could be obtained in 1939, twenty-six had been followed 
previously for periods ranging from three to thirteen years. The course 
of the disease Avas thus knoAvn over a minimum period of three years and 
an average period of 9.6 years for 553 rheumatic children. Among these, 
signs of heart disease had been noted at one time or another in 414 (71.0 
per cent), but, because of regression of such signs in some patients, a 
diagnosis of organic valvular damage had eventually been made in only 
355 (64.2 per cent). One hundred forty-six (26.4 per cent) had died; 
of these, 120 (21.7 per cent) had died of rheumatic infection only; 13 
(2.3 per cent) of superimposed bacterial endocarditis; 7 (1.3 per cent) 
with an associated infection, e.g., pulmonary tuberculosis, diphtheria, 
pertussis, scarlet fever, lobar pneumonia (three cases) ; and 6 (1.1 per 
cent) of unrelated causes (Table I). 


Table I 

Total Group; Prognosis According to Duration or Bheumatic Infection 





DEATHS 


SUKVrVORS 


DURATION 

YEARS 

PATIENTS 

NO. 

A'^ALAmUAR 

HRT. DIS. 
% 

RHEU- 

MATIC 

% 

BAC- 

TERIAL 

ENDO- 

CARDITIS 

NO. 

PATIENTS 

NO. 

VALVULAR 

HRT. DIS. 
% 

POSSIBLE 

HRT. DIS. 
% 

1 

564 

57.9 

7.9 

1 

514 

53.3 


3 

553 

60.4 

13.2 

2 

473 

53.9 

13.8 

5 

501 

62.0 

16.9 

4 

405 

54.5 

11.6 

7 

413 

65.6 

22.5 

7 

308 

54.5 

11.7 

10 

280 

70.4 

29.8 

2 

199 

54.8 


f3 to 17 
/Averase 

553 

64.2 

21.7 

13 

398 

52.3 

12.0 

9.6 









Nine patients were knoAvn to be leading a normal existence, but no 
information Avas aA’ailable as to their cardiac status. At the final 
examination of the remaining 398 suiwtyors, 208 (52.3 per cent) pre- 
sented signs of organic Arntyular disease; in 48 (12 per cent), murmurs 
AA’ere audible AA'hieh could not lie differentiated from those of accidental 
or functional origin; 142 (35.7 per cent) shoAA’^ed no signs of heart dam- 
age. TAventy-tAvo Avere ill A\dth acute recurrences. Ten Avere cardiac 
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invalids. The remaining Avere leading a normal life, althongh Ihirty- 
seven Avere slightly limited in their ability to undertake physical exer- 
tion. Of the tAventy girls avIio had married, all Avere doing their OAvn 
honseAvork. Ten had given birth to fifteen children. 

The criteria used for diagnosis Aimre those advocated by the Ameri- 
can Heart Association.- For the detection of cardiac enlargement, use 
Avas made only of the position of the apex beat and the teleroentgeno- 
grams. No application Avas made of the angle of clearance test de- 
scribed by Wilson.^ 

INFLUENCE OF THE TYPE OF ONSET ON PROGNOSIS 

Since the course of rheumatic infection is modified by many variable 
factors, anal 3 ’’sis of a heterogenous group over an average period of 
time may be misleading. In an attempt to obtain further information, 
the course of the disease as modified bj’' the type of initial infection has 
been traced over definite periods of time. 

In considering the initial infection, antecedent upper respiratory in- 
fections, including pharyngitis and tonsillitis, have been ignored, be- 
cause, in the present state of our knoAvledge, it does not seem possible to 
decide Avhether such infections are coincidental, predisposing, or true 
primary manifestations. 


TYPE OF ONSET 

Acute carditis (47 children; 8 per cent). — The diagnosis of primary 
carditis Avas made in the presence of a febrile illness of sudden onset, 
associated Avitli signs of cardiac damage. Sudden primary carditis 
tended to attack the youngest children, for the average age at onset (5.7 
years) Avas someAidiat over a year less than that of the group as a Avhole 
(6.9 years). The initial mortality Avas highest among these children, 
30 per cent of Aidiom ran a rapidly fatal course, and 65 per cent of 
AAdiom Avere dead at the end of ten years. Begression of signs of heart 
disease occurred in only tAvo instances (Table IT). 


Table II 

Onset With Acute Carditis: Prognosis According to Duration of 
Rheumatic Infection 


DURATION 

YEARS 

1 

PATIENTS 

NO. 

VALVVLAB 

HRT. DIS. 
% 

1 DEATHS 


SURVIVORS 


1 

RHEU- 

MATIC 

% 

BAC- 
TERIAL i 
ENDO- 
CARDITIS 
NO. 

PATIENTS 

NO. 

1 

VALVULAR 
HRT. DIS. 
% 

POSSIBLE 
HRT. DIS. 
% 

1 

46 1 

97.8 1 

30.4 

0 

32 

96.9 

0 

3 

45 

97.8 

42.2 

0 

26 

96.1 

0 

0 

40 

95.0 

45.0 

1 

21 

90.5 

4.8 

7 

31 

96.8 

51.6 

1 

14 

92.9 

0 

10 

23 

100.0 

65.2 

1 

1 / 

100.0 

0 
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Polyarthritis (314 children; 53.9 per cent). — The diagnosis of acute 
polyarthritis was made when the initial illness was associated with mi- 
gratory joint pains, fever, and prostration of a degree sufficient to re- 
quire rest in bed. The average age at onset (6.6 years) was only slightly 
less than that of the group as a whole. The incidence of clinically 
demonstrable heart disease at the onset was 59 per cent. Of the patients 
whose illness had run a course of ten years, 72 per cent suffered from 
rheumatic heart disease. Almost 10 per cent of the children were dead 
at the end of the first year, and 30 per cent, at the end of ten years 
(Table III). It was, however, among the children with early cardiac 
damage, the extent of which increased with each recurrence, that death 
occurred most frequently. In contradistinction, of thirty-four children 
with an early diagnosis of potential or possible heart disease who had 
been traced at the end of ten years, only 24 per cent had developed 
definite heart disease, and death had occurred in only one instance. 

Table III 

Onset With Acute Polyarthritis : Prognosis According to Duration op 

Eheumatic Infection 


duration 

years 

patients 

NO. 

valvular 
hrt. dis. 
% 

DEATHS 

1 SURVIVORS 

rheu- 

matic 

% i 

bac- 

terial 

ENDO- 

CARDITIS 

NO. 

PATIENTS 

NO. 

VALVULAR 
HRT. DIS. 
% 

1 

POSSIBLE 
HRT. DIS. 
% 

1 

301 

59.1 

9.6 

0 

270 

53.5 


3 

297 

63.6 

16.1 

0 

246 

56.1 


5 

264 

65.5 

19.7 

1 

218 

54.5 


7 

224 

67.0 

25.0 

4 

163 

54.6 


10 

151 

72.4 

30.4 

4 

100 

59.0 



Chorea (116 children; 19.8 per cent). — The diagnosis of Sydenham’s 
chorea was made only in the presence of the triad of emotionalism, 
hypotonia of muscles, and gross incoordinate movements of an abnor- 
mal nature. Chorea tended to attack the older children; the average 
age at onset (8.0 years) was appi’oximately one year greater than that 
of the group as a whole. In itself, it was a relatively benign manifesta- 
tion. At the end of the first year, 22 per cent had valvular heart dis- 

Table IV 

Onset With Chorea: Prognosis According to Duration op Eheumatic Infection 


DURATION 

YE^VRS 

PATIENTS 

NO. 

VALVULAR 
HRT. DIS. 
% 

DEATHS 

SURVIVORS 

RHEU- 

MATIC 

% 

BAC- 

TERIAL 

ENDO- 

CARDITIS 

NO. 

PATIENTS 

NO. 

VALWJLAR 
HRT. DIS. 
% 

POSSIBLE 
HRT. DIS. 
% 

1 


21.6 

2.7 

0 

108 

19.5 

5.5 

3 


31.9 

2.8 

0 

106 

30.2 

11.3 

5 


38.6 

3.9 

1 

94 

37.2 

11.7 

7 


44.0 

9.9 

0 

71 

38.0 

14.1 

10 

jlEaH 

41.0 

16.1 

1 

46 

39.1 

6.5 
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ease, and 2.7 per cent had died. After ten years, 41 per cent suffered 
from rheumatic heart disease, and 16 per cent were dead (Table IV). 
All deaths had resulted from carditis, which had made its appearance 
subsequent to onset. In only nine of the forty-six cases of rheumatic 
heart disease had the latter developed without a known history of 
arthritis, carditis, or myalgia. The diastolic rumble of mitral stenosis 
became suddenly audible in two patients whose only previous rheu- 
matic manifestation had been chorea. 

Myalgia and joint pains (53 children; 9.6 per cent). — Children with 
complaints of myalgia and joint pains not severe enough to force them 
to go to bed were considered rheumatic if such pains were associated 
with signs of infection, such as increased sedimentation rate, leuco- 
cytosis, or slight fever. Many were bi’others or sisters of patients who 
had suffered from more acute manifestations. These children tended 
to be older than the run of the group; the average age at onset was 
7.5 years. Heart disease at onset was noted in 47 per cent, and at the 
end of ten years in 58 per cent, at which time 17 per cent were dead 
(Table V). 

Table V 

Onset With Myalgia and Joint Pains; Prognosis According to Duration op 

Rheumatic Infection 


DURATION 

YEARS 

PATIENTS 

NO. 

VALVULAR 

HRT. DIS. 
% 

DEATHS 

SURVIVORS 

RHEU- 

MATIC 

% 

BAC- 

TERIAL 

ENDO- 

CARDITIS 

NO. 

PATIENTS 

NO. 

VALVULAR 
HRT. DIS. 
% 

POSSIBLE 
HRT. DIS. 
% 

1 

55 

47.3 

0 

0 

55 


25.4 

3 

53 

41.5 

3.7 

0 

50 



5 

50 

40.0 

8.0 

0 

45 



7 

35 

54.3 

8.6 

0 

31 

48.4 

33.3 

10 

24 

58.3 

17.0 

0 

20 

50.0 



Insidious Carditis (48 children; 8.7 per cent ). — A diagnosis of in- 
sidious carditis was made when valvular lesions characteristic of rheu- 
matic heart disease were found on the first examination of a child with 
no known history of illness or with a history of scarcely recognized. 

Table VI 

Onset With Insidious Carditis : Prognosis According to Duration op 

Rheumatic Infection 


DURATION 

YEARS 

PATIENTS 

NO. 

VALVULAR 

HRT. DIS. 
% 

1 DEATHS 

1 SURVIVORS 

RHEU- 

MATIC 

% 

BAC- 

TERIAL 

ENDO- 

CARDITIS 

NO. 

PATIENTS 

NO. 

VALVULAR 
HRT. DIS. 
% 

POSSIBLE 
HRT. DIS. 
% 

1 

49 

100 

0 

0 

48 

95.8 

4.2 

3 

48 

93.6 

2.1 

2 

44 

95.4 

4.6 

5 

46 

89.1 

14.6 

0 

37 

89.2 

10.8 

7 

39 

92.3 

25.6 

1 

26 

88.4 

11.6 

10 

26 

96.1 

37.0 

0 

16 

93.7 

6.3 
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mild symptoms of ill-liealtli. When no definite information as to initial 
illness could be elicited, the time of the first examination was taken 
as the time of onset. The average age of this group when the state of 
ill-health was first noted was 7.0 years. At the end of ten years 37 per 
cent were dead (Table VI). 

INFLUENCE OF CALENDAR YEAR OF ONSET ON PROGNOSIS 

The previous follow-up study of patients who were seen prior to 1932 
had presented evidence to indicate a progressive lessening of severity 
of rheumatic infection. The present analysis shows a continuation of 
this trend. In each successive five-year period since 1922, there has 
been a lowei’ing of mortality and of the incidence of obvious cardiac 
involvement, both in the entii'e group and among those whose first 
manifestation Avas polyarthritis or acute carditis (Fig. 1). 



Fig'. 1. — Trend toward lessening of severity of rheumatic infection over fifteen-year 
period. Column A indicates the incidence of cardiac involvement in the entire group, 
with onset of infection during the years noted, and Column R, the incidence among 
those with polyarthritis or carditis at onset. The shaded areas indicate the percentage 
of deaths due to rheumatic infection. 

Various factors haA'^e been analyzed in the effort to find out Avhether 
this seeming improvement might liaA'^e been due to a difference in the 
composition or treatment of the group. 

There has been a shift in racial composition during the period of 
observation ; the number of colored children has shoAvn a sIoav increase, 
AA'hereas, among the AAdiite patients, children of Italian derivation have 
increased in number (Table VII). Such a change, hoAvever, should 
liaA^e influenced the situation for the Avorse, because the death rate 
among colored children Avas 31 per cent, as compared Avith a death rate 
of 22 per cent among Italian children and 22.5 per cent among all 
Avhite children. 
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Table VII 
Racial Composition 


YEARS OP 
ONSET 

WHITE 

BLACK 

ITALIAN 

% 

HEBREW 

% 

NORTH 

EUROPEAN 

% 

1 # 1 

% 

NO. 

% 

1922-1926 


85.8 

21 

14.2 

35.8 

12.2 

37.8 

1927-1931 


81.7 

38 

18.3 

44.2 

6.7 

30.8 

1932-1936 


77.3 

45 

1 22.7 

50.5 

1 5.6 

20.4 


The distribution of children according to type of onset shows no 
significant variation within each of these five-year periods. The inci- 
dence of cardiac damage of sufficient severity to present obvious clin- 
ical signs has, however, shown a progressive decline among children 
whose first manifestations were those involving the joints (Table VIII). 

Table VIII 


Distribution According to Type op Onset 



1 1922-26 1 

1 1927-31 ! 

1 1932-36 


PERCENT 1 
OP TOTAL 
GROUP 

INCIDENCE 

OP CARDITIS 
FIRST YEAR 

PER CENT 
TOTAL GR. 

INCIDENCE 
CARDITIS 
FIRST YR. 

PERCENT 1 
TOTAL GR. 

INCIDENCE 
CARDITIS 
FIRST YR. 

Polyarthritis 
or joint pains 

63.4 

70.2 

64.7 

64.2 

62.2 

52.0 

Chorea 

18.2 

22.2 

18.8 

25.6 

21.7 

21.4 

Carditis, acute 
or insidious 

18.2 

100.0 

1 

16.4 

100.0 

16.1 

100.0 


There has been no consistent decrease in recurrences within the first 
three years after onset. Among those taken ill in 1922-26, 68 per cent 
suffered recurrent attacks of polyarthritis, carditis, chorea, or joint 
and muscle pains of rheumatic origin within three years. Among those 
attacked during 1926-31, the iiereentage of recurrences had risen to 75. 
The year 1929, which fell during this period, had previously revealed 
itself as a year in which rheumatic manifestations were unduly fre- 
quent. The early years of the depression, beginning with 1929, were 
difficult years for many of the families cared for at the Children’s 
Hospital ; there was sudden unemployment at a time ivlien no consistent 
policy of organized relief had been established. Despite the increase 
in recurrences, however, the death rate continued to decline. In the 
third five-year period, recurrences within the first three years had 
dropped to 56 per cent. In the entire group, 64.3 per cent developed 
recurrences within three years, and 70.5 per cent within five years. 
Nine per cent were free from rheumatic manifestations for a period 
of five years after the original attack, only to develop a flare-up of the 
disease subsequently. 

The policy of the hospital regarding admissions has not changed. To 
what, then, may we attribute the improvement in the clinical course? 

Part, if not all, of this improvement would seem to be due to a 
spontaneous change in the character of the disease. Hedley^ has re- 
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eently brought to our attention the decrease in mortality from heart 
disease since 1922 among persons between 5 and 24 years of age, a 
period when rheumatism is the most frequent etiologic factor. In the 
Middle Atlantic States, the decline in the mean death rate during 
1930-36, as compared with 1922-29, was 27.2 per cent, and, in Pennsyl- 
vania, 24.5 per cent. At the Children’s Hospital the death rate during 
the first three years among children Avho were taken ill during 1930-36 
was 10.8 per cent, as compared with 18.3 per cent among those taken 
ill during 1922-29, a decline of 40.9 per cent. 

Although there has been no change of policy regarding admissions 
at the Children’s Hospital, it is perhaps significant that within recent 
years there has been a change in the relative attention paid to the child 
with the first manifestation of the disease. Prolongation of hospital 
stay, moreover, has been favored since 1931 by the use of the sedi- 
mentation rate of erythrocytes as an indication of the existence of 
active infection. That slow but definite progress has been made toAvard 
the goal of prolonged care for the child Avhen it is first taken ill with 
rheumatic infection, without regard to the existence of clinically recog- 
nizable heart disease, is indicated by the fact that such children haA'-e 
been kept on the wards for increasing periods of time (Table IX). 


Table IX 

Duration op Hospital Stay: 189 Patients With Polyarthritis or Carditis 
Admitted During First Year op Eheumatic Infection 


YEARS OP 

ONSET 

10 OR MORE WEEKS 

6 OR MORE WEEKS 

4 OR LESS WEEKS 

TOTAL 

NUMBER 

OP 

PATIENTS 

NO. 

% 

NO. 

% 

NO. 

• % 

1922-26 

9 

19.6 

19 

41.3 

26 

56.5 

46 

1927-31 

16 

24.6 

33 

50.7 

29 

44.6 

65 

1932-36 

26 

32.5 

53 

67.9 

21 

26.9 

78 


The Amlue of prolonged bed rest in lessening the incidence of notice- 
able rheumatic heart disease has been demonstrated in London,® Avhere, 
as a result of cooperatiAm effort between school and health authorities, 
beds Avere provided in sufficient number to permit hospitalization of 
all jjatients AAuth rheumatic fever, chorea, or active rheumatic heart 
disease, avIio Avere under 16 years of age, for a minimum period of six 
months, folloAved by adequate couAmleseent care and continued super- 
Ausion in special centers. After this program for superAUsion of rheu- 
matic children Avas begun, the incidence of heart disease among school 
children in London dropped from 2 per cent in 1926 to 0.8 per cent in 
1936 — a decline of 60 per cent. 

That the use of a convalescent home for cardiac children is no 
panacea, if not preceded by an adequate period of hospitalization, has 
been demonstrated by experience AAdth eighty-scA’^en rheumatic patients 
Avho Avere transferred from the Children’s Hospital to the Philadelphia 
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Heart Hospital (Table X). All children at the Heart Hospital are kept 
in bed for varying periods after admission, and are only gradually 
permitted to engage in full activity. Lavatory privileges, however, 
are granted from, the time of admission. During the early years, many 
patients from the Children’s Hospital were transferred to the Heart 
Hospital while they still had evidence of acute infection. A large pro- 
portion of these were returned Avith recrudescences, or with a more 
severe degree of functional incapacity. The death rate among such 
children was high. Apparently, a convalescent home is no substitute 
for the hospital in the ease of a child with active infection, although 
it may serve a valuable purpose in ensuring continued supervision, 
adequate rest, proper diet, and schooling for the underprmleged child 
who has recovered from an acute attack of rheumatism. When so used, 
it is possible that such children may be brought into a state of good 
health that ivill insure stabilization of the infection. The subject is 
almost academic, hoAveA'’er, because, sai’^e perhaps in London (prior to 
the present Avar), there haA’^e been no provisions for an adequate num- 
ber of beds for long-continued hospital and convalescent care for the 
rheumatic child. 

Table X 


Course of 87 Rheumatic Patients Transferred to Heart Hospital 


YEARS OF 
ONSET 

NUMBER OF 
PATIENTS 

ACTIVE 

INFECTION 

% 

CLASS 

llB 

%t 

RETURNED 

TO 

HOSPITAL 

AVITHIN 

HRT. DIS. 
% 

3 YEARS 

DEATHS 

% 

1922-26 

41 


46.3 

39.0 

87.8 


1927-31 

27 


33.3 

3.7 

80.1 


1932-36 

19 

HQlwi 

15.8 

5.2 

82.4 



♦Active infection in children transferred during 1932-36 was usually low-grade or 
subclinical, in contrast to the relatively acute degree of infection which was present 
in many of the children who were transferred to the Heart Home during 1922-26. 

tClass IIB (old terminology) indicates greatly limited physical activity due to 
cardiac disease. 


It is the present policy of the Children’s Hospital to refer to the 
Heart Hospital only children with minimum or moderate heart dam- 
age, Avho are coiwalescent from a first, or, at most, a second, attack 
of the disease, preferably Avith inacth'^e infection. 

Within recent years, moreover, tonsillectomy has no longer been 
a routine procedure in the treatment of the rheumatic child. Tonsils 
are noAv removed only Aidien there is eAudence of tonsillar disease. The 
operation is performed during an inactive phase of the rheumatic 
infection. 

SUMMARY 

The course of 583 children aa4io suffered from rheumatic infection 
Avhich originated during the years 1922 to 1936 has been described. 
Ninetj^-four and eight-tenths per cent of these children have been fol- 
loAA^ed for a minimum period of three years and an average period of 
9.6 years since the primary manifestation. At the end of this time, 64.2 
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per cent presented signs of valvular heart disease and 21.7 per cent had 
died of rheumatic infection. An additional 3.5 per cent had died of bac- 
terial endocarditis or other infection associated with active rheumatism. 

The course of the disease was modified by the type of onset; acute 
carditis presented the most ominous prognosis and chorea the most favor- 
able. Children with a diagnosis of potential heart disease at the onset 
frequently tended to retain their freedom from signs of heart disease, 
in .spite of recurrences. 

A trend toward a decrease in the severity of rheumatic infection has 
been noted during the period of observation ; this has been manifest espe- 
cially among patients whose primaiy s 3 ^mptoms were arthritic. 

This improvement in the course of the disease cannot be ascribed to 
racial variation, relative changes in type of onset, progressive decline in 
recurrences, or a modification of the policj" of the hospital in regard to 
admissions. Although it is part of a downward trend in mortality from 
heart disease among young jieople throughout the United States registra- 
tion areas, the decrease in mortality at the Children’s Hospital has been 
greater than that in Pennsjdvania as a whole. 

Within recent j^ears an attempt has been made at the Children’s Hos- 
pital to concentrate attention on the child with the first manifestation 
of rheumatism, however mild. Such children have been kept at rest in 
bed and their activity restricted for longer periods of time. Whether 
such intensive supervision of the child with early signs of the disease 
has accelerated the natural trend to improvement is a subject for 
speculation. 

A recently adopted, conservative attitude toward tonsillectomy seems 
at least to have had no unfavorable influence. 

The experience at the Children’s Hospital Avith patients Avho Avere 
transferred to a convalescent home AAmuld seem to indicate that, although 
such convalescent care may serve a valuable purpose in ensuring stabili- 
zation of the infection in the child who has recoA’-ered from an acute at- 
tack, it is no substitute for absolute bed rest for the child with any degree 
of active infection. 

In spite of the seeming decline in severity, rheumatic infection still 
remains the most serious disease Avhieh attacks children past the age of 
infancj'-.®’ ® In the most faAmrable period of the present study (1932-36), 
almost 7 per cent of the rheumatic children had died by the end of the 
first 3"eai’, and 10 per cent bj^ the end of the third j^ear, at AAdiich time 50 
per cent of the group had presented obAdous signs of rheumatic heart 
disease. 

I am indebted to the physicians and social workers from whom information 
was obtained; tlieir number is too great to permit individual mention. I owe 
a special debt to the workers in the Social Service Department of the Children's 
Hospital, without whose aid many of these children could not have been traced. 
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FURTHER OBSERVATIONS ON THE MECHANISM OF THE 
PRODUCTION OF A SHORT P-R INTERVAL IN ASSOCIATION 
WITH PROLONGATION OP THE QRS COMPLEX 

Charles C. Wolferth, M.D., and Francis C. Wood, M.D. 
Philadelphia, Pa. 

A lthough Wolff, Parkinson, and White^ were not the first to re- 
port cases of short P-R intervals in association with prolonged, 
aberrant QRS complexes, these workers deserve the credit for directing 
attention to this anomaly, for making the first systematic study of it, and 
for pointing out that it may be found in presumably healthy persons. 
However, their assumption that bundle branch block is present precipi- 
tated a controversy which has continued since that time. Holzman and 
Seherf- and we,^ independently, suggested that the anomaly might be 
explained by assuming that there is an accessory pathway of conduction 
between auricles and ventricles. We were unwilling to accept the hypoth- 
esis of bundle branch block because patients who have both normal and 
abnormal complexes are lil^ely to show' the same interval between the 
beginning of the P wave and the end of the QRS complex in both. 

We shall not review the literature on the mechanism of short P-R 
interval and prolonged QRS complex, for this has been done many times, 
and again recently by Hunter, Papp, and Parkinson.^ It is of interest 
that Parkinson has changed his view as to the mechanism of this condi- 
tion. He no longer believes that it is a form of bundle branch block. He 
stresses the fact that in certain eases the P waves preceding the aberrant 
complexes may differ in shape from those preceding the normal com- 
plexes and states that any hypothesis should explain (1) the difference 
in the shape of P before normal and short P-R, bundle branch block^' 
complexes, (2) the peculiar shape of the ventricular complex, as com- 
pared w'ith that of ordinary branch block, and (3) the gradual change 
of P and QRS from short P-R, bundle branch block to normal (after 
atropine), and the appearance of intermediate ventricular complexes. 
Hunter, Papp, and Parkinson state that previous explanations did not 
adecpiately account for these facts, and they reject, among other hypoth- 
eses, that of an accessory pathw'ay of A-V conduction. They suggest 
as an alternative explanation that, w'hen the anomaly is present, the beat 
arises near, but not in, the normal pacemaker (for the P wave is altered) 
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and that the normal ventricular complex is interfered ivith by a ven- 
tricular extrasystole which arises prematurely, low in one bundle branch. 
They state, “In our view the upper impulse would spread only to the 
ventricle other than that producing the extrasystole.” 

When we analyze this hypothesis, we must first admit that it could 
account for the aberrant complexes. Furthermore, it does away with 
the untenable idea of bundle branch block. The tendency of these pa- 
tients to develop forms of paroxysmal arrhythmia is ascribed by these 
authors to hyperexcitability of the conducting tissue. They do point out, 
however, that the absence of ventricular extrasystoles in their cases 
is not in accord with the assumption of hyperexcitability. 

There is one objection to the hypothesis of Hunter, Papp, and Parkin- 
son which appears to us insurmountable. It is necessary to postulate 
that an ectopic ventricular lieat is capable of bearing a constant time 
relation to an auricular beat which must be arising independently of it. 
Such a time relation must be maintained, not just momentarily, as might 
occur by chance, but over long periods of time. It appears to us that 
the mathematical probability of such an occurrence, not alone in one 
case, but in all cases of this anomaly, is not great. 

Kecently we have encountered a patient with this syndrome whose 
electrocardiogram seems to furnish further evidence on this question. 
In this patient’s tracing (Fig. 1) the anomaly of short P-B interval 
and prolonged, aberrant QBS complex is exhibited. Frequent auricular 
extrasystoles are present, and the shape of the premature P waves differs 
from that of the regular P waves. The P-B intervals of the premature 
heats appear to be even shorter than those of the ordinary beats, but 
there is no essential change in the contour of the ventricular complexes. 
(There is a slight increase in their duration, which will be discussed be- 
low.) 

This ease, and a similar one reported by Scherf and Schonbrunner,® 
seem to us to add considerably to the difficulty of accounting for the 
syndrome on the hypothesis advanced by Hunter, Papp, and Parkinson.^ 
In order to explain the aberrant ventricular complex following each 
auricular premature beat, one ivould have to assume that, whenever an 
auricular extrasystole occurs, a ventricular extrasystole (which must 
arise independently) selects the exact relative moment for its origin, 
which will produce a ventricular complex like all the others. Such a 
possibility seems to us so incredible that we believe this hypothesis, like 
that of bundle branch block, must be abandoned. 

The question might be raised whether the behavior observed in these 
premature beats does not also constitute an objection to the hypothesis 
of an accessory pathway of conduction. In our opinion it not only does 
not constitute an objection, but offers further evidence in favor' of it. 
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When a beat arises in the sinus node, the excitation process presumably 
travels in the manner described by Lewis to all parts of the auricles, 
and, in due course of time, reaches the aurieuloventricular node and the 
accessory conduction tract, if there be such a structure. If, however, the 
impulse arises elsewhere in the auricles, the relative time of arrival at 
these two structures might remain undisturbed but is much more likely 
to be somewhat altered. The latter apparently occurred in our case, for 
the QES complex is very slightly widened, although the P-E interval is 
much shorter. This suggests that the extrasystoles arose in a position 
relatively nearer to the accessorj'- conduction tract than to the A-V node. 



Fig-. 1. — Electrocardiogram of R. M. H., a 42-year-old man who had rheumatic heart 
disease, with mitral insufficiency and stenosis. He had been seen on four different 
occasions. On Nov. 20, 1939, he had auricular fibrillation; on July 16, 1940, auricular 
flutter ; and, on Sept. 28, 1940, normal sinus rhythm. No abnormality of the QRS 
complex was seen on any of these occasions. On his fourth visit Nov. 27, 1940 his 
tracing (reproduced here) showed the syndrome of short P-R interval and widened, 
slurred QRS complexes. At points marked X, auricular extrasystoles occurred. It 
will be noted that the contour of the QRS complex after each auricular extrasystolc 
is substantially like that after the regular auricular beats, despite the fact that the 
P-R inteia’al is shortened. 


Holzman and Seberf- have suggested one other possible explanation 
for this syndrome of short P-E interval and aberrant QES, i.e., tiiat 
normal auricular contraction might stimulate mechanically an excitable 
focus in one ventricle. This seems highly unlilvely for the following 
reasons: (1) This hypothetical phenomenon has never been observed in 
patients with heart block. (2) Although one (C. C. W.) of us, witli Mc- 
i\Iillan, some years ago attempted to bring it about experimentally, sue- 
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cess was never aeliievcd; nor do we know of its ever having been pro- 
duced or observed in animals. (3) The P-R interval in Fig. 1 is shorter 
after the auricular extrasj’stoles than after the regular auricular beats. If 
mechanical stimulation of ventricle by auricle were taking place, the 
P-R interval should be essentially the same in both. 

It might be worth while, in the light of recent observations, to review 
the present status of the hypothesis of an accessory pathway of A-V 
conduction. It still seems to us to be the most satisfactory explanation 
for this syndrome, and we have found no reason to change, in any 
material way, the views we expressed in our former paper.^ In a recent 
paper, Glomset and Glomset® demonstrated tlie existence of accessory 
neuromuscular connections between auricles and ventricles. Thus the 
anatomic background for the hypothesis has been re-emphasized. One 
of the main reasons why Hunter, Papp, and Parkinson reject the “ac- 
cessory pathway ’ ’ hyiiothesis is because they found that, in certain cases, 
the P wave changed its contour when the aberrant ventricular complexes 
gave place to normal ones. Although this occurrence would not con- 
stitute a vital objection, it would be an unexpected feature if the hy- 
pothesis of an accessory conduction pathway were true. Consequently, 
we have consulted the papers cited by Hunter, Papp, and Parkinson 
in order to study the alterations in the P waves which they described. 
We were unable to find one of these papers, namely, that by Pernbach.'^ 
In the paper by Pines® there are no electrocardiograms. In the tracings 
published by Scherf and Schonbrunner,® the P waves do not change in 
the slightest way that we can see. In the tracings published bj-- Zarday,® 
we see no change in the P waves. In the tracings published bj^ Moia and 
Inchauspe,^® there are technical defects in the curves which make analysis 
difficult, but one finds as much variation between the various P waves 
preceding the aberrant ventricular complexes as one finds when one 
compares them with the P waves preceding the normal complexes. In 
the tracings reproduced in the paper by Tung,^^ a rather interesting 
phenomenon is observed. Twenty minutes after the administration of 
atropine the P waves became smaller than they were before, and the 
QRS complexes returned to normal. Yet, thirty minutes after the ad- 
ministration of atropine, the QRS complexes were still normal, whereas 
the P waves had returned to their former contour. Furthermore, they 
retained that contour during the subsequent transition of the ventricular 
complexes from normal back to the aberrant configuration. This sug- 
gests that the P-wave change observed might be associated with the effect 
of atropine, rather than with the change of mechanism. Finally, let us 
study the tracings of Hunter, Papp, and Parkinson.^ They state that 
P-wave changes occurred in Cases 1, 3, 5, IS, and 20. They published the 
tracings of Cases 1, 3, and 20. The first two show minor changes in P, 
not striking variations. Case 20 shows the only definite change; an in- 
verted P in Lead I becomes upright. But tlm is not an example of the 
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syndrome xve are discxi-ssixig; it shows no abnormality in the ventricular 
complex! Thus, after attempting a careful review of the evidence, we 
are impressed, not with the change which occurs in the P wave when the 
contour of the ventricular complex changes, but rather with the fact that 
the P wave shows such a remarkable constancy of contour" throughout. 
It does not change except in minor details, which might well be explained 
as a result of exercise, atropine, deep breathing, or any of the other 
maneuvers which have been used in these eases to bring about a change 
in the ventricular complexes. We can saj>- with conviction that the shape 
of the P waves is as constant in this group of patients, regardless of the 
shape of the ventrieular complex, as it is in a series of tracings from 
patients with normal sinus rhythm. 

Finally, Hunter, Papp, and Parkinson object to the hypothesis of an 
accessory pathway of A-V conduction on the ground that they observed 
ventricular complexes which were intermediate in shape between the two 
extremes. They state that, according to this explanation, there should 
be two distinct types of curves and no intermediate ones. However, 
according to our view, the existence of intermediate types of complexes 
would fit in perfectly well with the “Bundle of Kent” hj^pothesis. There 
are at least three mechanisms by which intermediate complexes might 
arise: (1) By a change in the conductivity of the accessory tract, 

(2) by a change in the conductivity of the bundle of His (in which case 
the time from the beginning of P to the end of QRS might change) , and 

(3) by a shift of the pacemaker in the auricles from its usual location 
to a position relatively nearer to the A-V node than to the acce.ssory 
tract, or vice versa. The first explanation may be the usual one. If 
the accessorj’- pathway becomes less conductive under certain circum- 
stances, one might expect the diminution of conductivity to occur gradu- 
ally, with a corresponding, gradually increasing delay in the trans- 
mission of the excitatory process to the ventricular muscle. As this 
takes place, the area in the ventricle which is excited through the 
accessory pathwaj^ should become gradually smaller, and that which is 
excited through the bundle of His should become gradually larger. This 
would seem to furnish adequate reason for a gradual change in the shape 
of the ventricular complex as it goes from normal to abnormal. 

Our conclusions are, therefore, that the hypothesis of an accessory 
pathwaj^ of A-V conduction is the most satisfactory one yet proposed. 
We have encountered no evidence to lead us to discard it. Moreover, 
we have not as yet heard of an alternative hypothesis which explains 
the phenomena observed in these cases. 

There are certain other points which might be worth mentioning at 
this time. With regard to the question whether the part of the ventrieu- 
lar muscle which is activated through the accessory pathway is in the 
right or in the left ventricle, we® presented evidence suggesting that it 
was in the right. We now question whether this is completely justified. 
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Study of the electrocardiograms of right bundle branch block shows that 
T waves in the liml) leads frequently fail to show al^normalities. This 
suggests that the right ventricle plays a minor part in the formation of 
limb lead T waves. Furthermore, in chest leads made from the C5 posi- 
tion, that part of the QRS complex which is attributable to right ven- 
tricular activity is usually very small. However, in some eases of the 
short P-E interval and aberrant QRS syndrome, T-wave changes ap- 
pear in limb leads. Moreover, in some the initial portion of the QRS 
complex in lead CF5 is large. It seems likely to us, therefore, that, when 



Fig. 2 . — Electrocardiograms of A. B., a 2G-year-old man, taken on Sent iqsr 
and Sept. IG 1936. (This patient was described as “Case 3” in ou? former pape?U 
A, Tiacing taken before qiunidme administration on Sept. 15 19 sg showini^ n 
P-R interval and widened, slurred QRS comple.xes. ’ a short 

He was given 40 grains of quinidine sulfbate between Sam Tnd 9 ..r 

Sept. IG. 193G. B, Tracing taken at 3 P.M., showing a normal P-R intervaf'^nri”^ 
d^appearance of tlie abnormality of QRS. The T-wave inwiSion ^ 

"o.t been able to bring about a disafjpeara^ce o?tht Xnorma! 
QRS complexes by amyl nitrite administration or by exercise The cholt lio i 
Uiese tracings were taken with a polarity opposite to that now recommended 
Committee of the American Heart Association for the standardivnHT,T«e 
loads. BCS, BCi, and BCr. were taken with the rilhfarm elec^ 
cordium at Cs. Ci. and Cs positions, respectivelv • the other eleeiv^r?^ ° 
angle of the left scapula. ‘ ’ ® other electiode was near the 
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large initial QKS deflections occur at the C 5 position, or when inversion 
of Ti appears, the accessory conduction tract may be leading directly 
to the left ventricle, or that, at least, the excitation wave may be reaching 
a part of the left ventricle before that chamber is completely activated 
through the bundle of His. 

We wish to call attention to an observation reported by Roberts and 
Abramson, in 1936, which has not been confirmed heretofore. In a 
patient with this syndrome they were able to change the contour of the 
electrocardiogram from abnormal to normal by the administration of 
quinidine. We tried this same procedure on one of our patients and 
observed similar results (Fig. 2). The patient was described as Case 3 
in our former paper.® On Sept. 15, 1936, he took quinidine sulphate as 
follows : 5 gr. at 8 a.m., 10 a.m., 12 m. and 2 p.m. (20 gr. in all) Avithout 
effect. On Sept. 16, 1936, he took double the dose (10 gr. at 8 a.m., 
10 A.M., 12 M., and 2 p.m.) and at 3 p.m. showed normal QRS complexes; 
we had been unable to bring about this change by exercise or by amyl 
nitrite administration. Roberts and Abramson carried out this pro- 
cedure because quinidine, which is known to diminish conduction in the 
heart, might affect the accessory pathway more readily than it would 
affect the bundle of His. It should be stated, however, that quinidine 
also reduces the irritability of the myocardium. Consequentljq tins 
therapeutic result cannot be used as an argument in favor of the hypoth- 
esis of an accessory pathway of conduction, as opposed to that of 
Hunter, Papp, and Parkinson. 

Finally, Scherf and Schonbrunner® report that, in one of their cases, 
large doses of digitalis caused the abnormal QRS eomplexes to disappear 
for a period of three weeks. This result might indicate that the accessory 
pathway is more susceptible to digitalis than the bundle of His. 

summary 

The syndrome of short P-R interval and prolonged QRS complex is 
re-examined in the light of recent observations. The hypothesis of an 
accessory pathway of A-V conduction is the only one thus far advanced 
which explains the phenomena observed in these eases. 

A case is reported in which QRS maintained its abnormal contour 
after auricular extrasystoles. This observation renders the hypothesis 
of Hunter, Papp, and Parkinson even more incredible than it had seemed 
to us before. 

Contrary to the reports of Hunter, Papp, and Parkinson, we find that 
the contour of the P wave is remarkably constant in these eases when 
the ventricular complexes change their shape. 

Certain facts are presented which lead us to believe that the part of 
the ventricular myocardium which is activated through the hypothetical 
accessory pathway may not be confined strictly to the right ventricle 
in all cases. 
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The fact that quinidine will change the complexes of the electrocardio- 
gram from abnormal to normal, as reported by Roberts and Abramson, 
was confirmed in one of onr cases. 
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ARTEKIOSCLEEOTIC ANEURYSMS AND SENILE ECTASIA 
OF THE THORACIC AORTA 

Marshall deG. Ruffin, M.D., Benjamin Castleman, M.D., and 

Paul D. White, M.D. 

Boston, ]\Iass. 

D eath from internal hemorrhage, caused rupture of the thoracic 
aorta in two old women with nonsyphilitie, thoracic, aortic anep- 
rysms during the past year, has been of sueh unusual interest to us 
that we have survejmd the literature and analyzed' the post-mortem 
records of the Massachusetts General Hospital to assemble further in- 
formation about such aneur3’^sms. The first case Avas one of arteriosclerot- 
ic aneurj'Sm; the second, one of dissecting aneurj’^sm in an aorta Ayhich 
was the seat of senile ectasia. ' We shall first’ present the’ UAh' ease 
histories. ' : • ! 

Case 1.* — (A.P.G.) A 7S-year-old widow received medical attention because she 
was extremely nervous and mentally disturbed following an attack of vomiting. 
On examination she had a tenpjerature of 101.5° F., a pulse rate of 92, a red 
throat, and occasional fine rfiles in both lungs. Her heart was within normal 
limits as to size, a systolic murmur was audible over the whole precordium, and 
there was an occasional extrasystole. The left patellar refiex was slightly greater 
than the right; the other tendon i-eflexes were normal. A blood smear showed an 
elevated polymorphonuclear count, but was otherwise negative. A diagnosis of 
mild upper respiratory infection was made. The patient was seen again a short 
time later by her physician because of increasing nervousness resulting from busi- 
ness strain; physical examination at that time showed no definite abnormalities. 
The blood pressure was 145/95. 

A year and a half later she was examined because of fatigability, occasional 
shortness of breath, and slight orthopnea; she used two pillows at night. The 
heart borders, by percussion, were then found to be 9 cm. to the left and 3 cm. 
to the right of the median line. There was accentuation of the second sound, which 
was marked at the aortic valve area and moderate over the pulmonic valve. A 
short systolic murmur was lieard over the whole precordium. The pulse rate was 
96; the blood pressure was 140/80. The bases of the lungs were clear; the edge 
of the liver was not palpable; there was no edema of the ankles. After still 
another fifteen months she was observed after an attack of '‘grippe” that Avas 
accompanied by irersistent pain in the region of the lower ribs on the left Avhich 
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lasted about six days. Physical examination revealed an increase in the antero- 
posterior diameter of the chest, ■with hyperresonance except at the left base belon 
the midscapular region, wliere there was slight dullness, with vesicular breath 
sounds throughout, without rales, but with a slight decrease in the intensity of the 
breath sounds below the left scapula. The border of cardiac dullness was 8 cm. 
to the left of the midline in the fifth intercostal space and 3.5 cm. to the right 
in the fourth. The sounds were distant but clear. There were no murmurs. The 
blood pressure was 130/80 in both arms, and 150/90 in both legs. There was no 
tracheal tug. The pupils were equal and reacted to light and in accommodation. 
The peripheral vessels showed a rather marked degree of arteriosclerosis. A roent- 
genogram of the chest (Pig. 1), made with a portable machine, showed a large 
round mass, apparently continuous ■udth the heart shadow, occupying the entire 
middle third of the left lung field. An electrocardiogram showed a sinus tachy- 
cardia of 135 beats per minute, with left axis deviation (—22°), a P-E. interval 
of 0.13 sec., and notched and P,; QRS, and QES, were of fairly low voltage 
(0 mm. and 5 mm., respectively) ; the S-T segments in Leads I and II sagged 
slightly; T, and T„ were upright; T, was shallow and inverted; was present; 
and T, was upright. A blood Wassermann reaction was negative. 




Fig. 1 . — Roentgenogram 



C-nse 1 (aged 82), showing large aneurysm 
of the descending thoracic aorta. 



Three months later, at the age of 82 years (four years after her first complaints), 
she spent a busy day shopping, apparently feeling quite well. She went to bed 
at 9:00 P..M. after a good New England supper of baked beans and brown bread, 
and slept quietly until midnight, when she suddenly awoke complaining of severe 
pain in the mid-upper back and chest. She became extremely orthopneic and 
dyspneic. On the arrival of her physician, a few minutes later, she was found 
sitting up m bed breathing forty to fifty times per minute. Her pulse rate was 
140 and the pulse was weak. She was wild-eyed and had an ashen cyanosis, nith 
cold sueat. The penplieral veins were not distended. The heart sounds were 
distant but clear. There were no murmurs. The lungs were clear throughout- there 
wore no rales even at the extreme bases. Tlie abdomen was negative. The patient 


460 


THE AMERICAN HEART JOURNAL 


was given % grain of morpliine suKate and 1/150 grain of atropine sulfate sub- 
cutaneously. Although the rapid respiration persisted, she soon became uncon- 
scious. At about 1 A.si. the radial pulse became imperceptible and the blood pres- 
sure could not be measured. Oxygen was given for an hour. An electrocardiogram 
showed a ventricular and auricular rate of about 130, with slight left axis devia- 
tion, upright T, and T„, and an inverted T,; the P-R interval w'as 0.15 sec., 
with slightly elevated S-T segments in Leads I, II, and III, and low QRS voltage. 
The patient was given coramine and caffein sodium benzoate, but expired about 
two and a half hours after the onset of the attack. The clinical diagnosis was 
ruptured aneurj^sm of the thoracic aorta. 

The autopsy revealed the body of a well-developed and nourished, moderately 
obese, S2-year-old, white woman wdio had multiple arteriosclerotic saccular aneurysms 
of the aorta, ndth rupture of one in the descending thoracic portion into the right 
pleural cavity. There resulted a massive hemothorax containing approximately 2 
liters of fresh, deep-red blood, some of which had clotted post mortem. When 
this blood was removed and the right lung pulled forward, the mediastinal parietal 
pleura along the anterior portion of the thoracic vertebrae was seen to be colored 
purplish red by blood which was beneath it. In this region, at the level of the 
fourth dorsal vertebra, there was a triangular tear, measuring 1 by 0.5 cm., which 
was apparently the source of the pleural hemorrhage. The left pleural cavity con- 
tained approximately 200 c.c. of clear, straw-colored fluid. The lower two-thirds of 
this cavity were replaced by a large lobular mass, measuring 12 by 12 by 8 cm., 
which compressed the low'er lobe of the left lung and produced definite atelectasis. 
The remainder of the lungs and the heart w'ere not remarkable. The ascending 
portion of the thoracic aorta was fairly smooth and showed no aneurysm. The 
arch revealed moderate arteriosclerosis, with some ulceration. Most of the descend- 
ing thoracic portion of the aorta was composed of a huge aneurysmal sac which 
extended out from the left lateral wall. This aneurysm measured 12 cm. in length 
by 12 cm. in width, and had a round opening into the aorta of a diameter of 8 cm. 
It was completely filled with grayish-red, solid thrombus. On the right anterior 
lateral wall of the aorta, at a point approximately level with that of the aneurysm, 
the intima was completely denuded and eroded over an area measuring 5 by 3 cm. 
This area was covered by a yellow-gray, friable mural thrombus. There was another 
similar area, about 1 by 5 cm. in extent, just medial to the larger erosion. Blood 
clot from the aneurysm extended beneath the former erosion around the posterior 
aspects of the aorta into the right side, througli which it ruptured into the right 
side of the thorax via the mediastinal parietal pleural tear previously noted. Over 
the lower lumbar vertebrae there was a large firm mass, 12 cm. in length by 5 cm. 
in width, which, when removed, was found to be another atherosclerotic aneurysm 
with an aortic opening about 6 cm. in diameter. It involved the whole anterior 
portion of the aorta and was filled Avith firm, red-gray thrombus. There was 
still another aneurysm, 5 by 5 cm. in diameter, involving the left common iliac 
arterj". The aorta betAveen the aneurysms shoAved marked arteriosclerosis through- 
out, with ulceration and small mural thrombi. The other gross anatomic abnormali- 
ties were of little import. ^Microscopically, sections through the aneurysms showed 
marked fibrous intimal proliferation, slight lymphocytic infiltration of the media, 
and an old organized thrombus attached to the intima. There was no evidence of 
sj^jhilis. 

Case 2. — (M. Yan d.P.) A 71-year-old housewife entered the hospital in Jan- 
uary', 1934, because of shortness of breath of a month’s duration. For ten years 
the patient had experienced slight shortness of breath and occasional staggering 
Avhile Avalking. Her physician had found hj-pertension and had treated her with 
“poAvders” and tablets. During the month preceding admission, hoAVOA'er, she 
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noted increased dyspnea and palpitation and a feeling of constriction in tlie pre- 
cordial region on slight exertion. She also noticed pyuria, burning urination, and 
a foul odor to the urine. 

The examination showed generalized arteriosclerosis, but no congestive failure. 
The heart was moderately enlarged, and there was a questionable systolic thrill to 
the right of the upper end of the sternum. The apical impulse was vigorous. Maxi- 
mal to the right of the upper and middle portions of the sternum was a loud, 
harsh, systolic murmur. The aortic second sound was present, and was followed 
by a slight to moderate diastolic murmur. The heart rate was 70 per minute, with 
frequent premature beats. The blood pressure was 165/96, and alternation was 
present. An electrocardiogram showe.d auricular premature beats, a rate of 60 
to 65, a diphasic T„ and moderate left axis deviation. 

She remained in the hospital for two weeks, and was discharged improved, on 
digitalis, with a diagnosis of h}'pertensive and calcareous valvular heart disease, with 
aortic stenosis and regurgitation. 

Second admission, September, 1936. This iUness was apparently due to cholecys- 
titis and pneumonia, which precipitated an ectopic auricular tachycardia at a rate 
of 340, with 2 to 1 block and mild failure. Slie was seriously ill for two weeks. 
The block was increased to 4 to 1 with digitalis. Later, auricular fibrillation ap- 
peared, and, still later, normal rhytlim returned spontaneously. The patient was 
greatly improved. Tlie lung signs disappeared, and, although mild attacks of ab- 
dominal discomfort continued, it was felt that surgical treatment was not indicated. 

In November, 1936, the patient returned for examination feeling quite well 
except for a little indigestion (occasional gaseous distention and mid-abdominal 
pain). She looked well. Her pulse was regular at a rate of 72. Her blood 
pressure was 160/80. Tlie heart was large, and there were .moderately loud aortic 
systolic and diastolic murmurs, with slight thrills palpable in both systole and 
diastole. The aortic second sound was accentuated. The electrocardiogram showed 
normal rhythm, a rate of 65, moderate left axis deviation, and sagging S-T seg- 
ments in Lead I (a digitalis effect). Fluoroscopic examination revealed a big, 
round, active heart, witli a very dense, dilated, actively pulsating ascending aorta. 
The lung hila were normal in appearance. By orthodiagram, the transverse diameter 
of the heart measured 14.6 cm. and the internal diameter of the thorax 21.5 cm.; the 
uidth of tlie great vessels in the anteroposterior view was 8.3 cm. 

On June 29, 1937, at the age of 75, she had a paroxysm of auricular fibrillation 
during a routine examination, and her heart and aorta were somewhat larger than 
the year before; a note was made that, fluoroscopically, the ascending aortic 
shadow resembled that of an aneurysm. 

In January, 1938, she complained only of occasional palpitation, not of pain or 
dyspnea. Her heart was larger, measuring 16.1 cm. in its transverse diameter by 
orthodiagraphy. The electrocardiogram now showed inversion of the T waves in 
Leads I and H'', in addition to considerable left axis deviation. 

In June, 1938, she at last showed frank heart failure, which had begun with 
orthopnea at night a week before. She had been seriously ill with grippe and 
pneumonia in April. Examination revealed moderate edema of both feet, an 
increased jugular pulsation, a blood pressure of 145/90, a larger heart (16.6 cm. 
transverse diameter by orthodiagraphy), and a pulse rate of 84, with occasional 
extrasj’stoles. 

lYith rest and digitalis the failure subsided, and, in December, 1938, she was 
well except for dyspnea on effort. Examination revealed no congestion except of 
the hila of the lungs, as shoum by fluoroscopic examination. The murmurs over the 
aortic valve area were now clearly continuous, with a systolic accentuation and 
^thrill. Aneurysmal dilatation of the ascending aorta was evident fluoroscopically. 



462 


THE AiMERICAN HEART JOURNM. 


and, because of the change in the charactei- of the murmur and the development 
of lieart failure, a question was raised as to -dissection or rupture. 

The last routine examination took place in June, 1939. She had been fairly 
well through the winter except for dyspnea and weakness. There had been no 
cough or chest pain. The continuous murmur and thrill over the aortic valve area 
were more evident than before. Fluoroscopic examination showed kinking and 
bulging of the descending aorta as well as aneurysmal dilatation of the ascending 
aorta, and a diagnosis of probable arteriosclerotic aneurysmal disease of the aorta 
with questionable rupture into the right side of the heart or pulmonary artery 
was made. A roentgenogram (Fig. 2) showed marked enlargement of the heart 
on both sides, but chiefly in the region of the left ventricle. The aorta was 
markedly tortuous, dilated, and calcified. A lateral view (Fig. 3) showed the 
marked dilatation of the ascending aorta and the extreme calcification of the arch 
and descending portions. She went to California that summer and, after return- 
ing, was confined to her home because of dyspnea. In November, 1939, she quietly 
passed away witliout any noticeable signs to suggest rupture of an. aneurysm. 



Figr. 2. — Roentgenogram of thorax of M. Van d.P., Case 2 (aged 76), showing 
senile ectasia of the ascending aorta, marked calcification of the aortic arch, and a 
very large lieart. 

The post-mortem examination revealed a well-developed and moderately well- 
nourished, previously embalmed, 76-year-old woman who weighed approximately 
100 pounds. The lungs showed apical scars and slight but definite emphysematous 
changes. There were no areas of consolidation. A few large blood clots, measuring 
altogether roughly 7 by' 3 by' 2 cm., were found high in the pericardial cavity', 
especially' surrounding the aorta and pulmonary' artery. The heart weighed 500 
grams. The right ventricular wall measured 7 mm. in thiclcness, the left, 20 mm. 
There was marked hy'pertrophy' of the left side of the heart; the right ventricle 
formed only' a small portion of the antei’ior surface. ATI of the valves were normal. 
The coronary' arteries showed moderate arteriosclerotic changes, with calcification 
in many' places, but no evidence of occlusion. The whole ascending aorta was 
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markedly dilated, forming a diffuse aneurj'sm which measured approximately 12 
cm. in circumference. The intima was smooth throughout, with very little atheroma 
and no scarring. There were numerous trocar incisions (emhalmer’s) throughout 
the whole wall of the aorta in this portion, which made it difiScult to ascertain 
whether any of these tears in the intima occurred ante mortem. There was a 
dissecting aneurysm, filled with fresh blood, wliich extended from the base of the 
valve to the beginning of the arch, and involved the anterior and lateral portions 
of the aortic media. Extravasated blood was present around the adventitia of 
the intrapericardial portion of the aorta, and especially of the pulmonary artery, 
where a large amount of blood was extravasated into the adventitia, forming a 
large hematoma approximately 3 by 2 by 1 cm. The dissection stopped abruptly 
at the beginning of the arch. Botli the arch and descending portion of the aorta 



Pig. 3. — Roentgenogram of the left, anterior, oblique view of tliorax of M. A'^an d.P,, 
showing calcified, tortuous aortic arch and descending aorta, and aneurvsm and dilata- 
tion of the ascending aorta. 

showed extreme arteriosclerotic changes, with extensive calcification, forming a 
rigid, calcareous tube wliich was very brittle. The circumference of the arch was 
S cm., and that of the descending portion, 7 cm. The intima showed marked 
arteriosclerosis with numerous ulcerated areas. No mural thrombi were seen. The 
dissection ended so abruptly when it reached the arch, where the arteriosclerosis 
was extreme, that it seemed quite possible that the mechanical rigidity lialted its 
course. The splenic and renal arteries were markedly tortuous, calcified, and ex- 
tremely rigid. Alicroscopic sections of the ascending portion of the aorta revealed 
slight to moderate atherosclerosis. The dissection was present in the outer portion 
of the media, and was composed of recent blood clot. Other sections showed small 
foci of medial degeneration, with occasional changes suggestive of cyst formation. 
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Stimulated by these two striking cases, we deemed it of interest to 
review the autopsy cases of aortic aneurysm at the JMassachusetts Gen- 
eral Hospital. 

Among 9,600 post-mortem examinations which had been done since 
1897 at the Massachusetts General Hospital, there were 116 eases of 
aneurysms of all sorts involving the thoracic and abdominal aorta, or 
1.2 per cent of the total number of necropsies. Of this group seventeen 
were cases of true dissecting aneurysm with medionecrosis aortae cj’-stiea, 
and thirteen were eases in which small “dissections” had occurred 
mostly in and about small atherosclerotic plaques. None of these thirty 
eases are within the scope of this paper. Of the remaining saccular, 
fusiform, and cirsoid aneurysms, there were eighty-six eases in which 
the aorta was involved, roughl}’- as follows ; twenty-one in the ascending 
aorta, thirty-seven mainlj^ in the arch, and eight in the descending 
thoracic portions ; there were twentj'- aneurysms in the abdominal aorta. 

Of the sixty-six thoracic aneurysms, sixty were sj'-philitic and three 
were definite^ arteriosclerotic; in three cases there wasf marked dilata- 
tion of the ascending aorta without arteriosclerosis — a condition we 
are calling “senile ectasia.” i 

In one of the arteriosclerotic cases (Case 1) and one of the senile 
ectasia group (Case 2) rupture occurred, as described above in detail. 

The two other arteriosclerotic cases may be briefly summarized. One was that 
of a 70-year-old woman who died of rupture of a dissecting aneurysm of the 
ascending aorta. At a point about 10 cm. below the aortic arch, just above the 
diaphragm, there was an ovoid aneurysmal sac about 7 by 5.5 cm., partly filled 
with old thrombus. There was no communication between this sac and the dis- 
secting aneurysm above; it was regarded as a separate arteriosclerotic aneurysm. 

The third case of arteriosclerotic, thoracic, aortic aneurysm was that of a 
90-year-old man who died of bronchopneumonia following reduction of a strangu- 
lated hernia. Here there was a fusiform, severely arteriosclerotic dilatation of 
the ascending aorta measuring 9.5 cm. in circumference. Further evidence of its 
arteriosclerotic nature was the presence of a similar but larger aneurj^sm of the 
abdominal aorta. 

The second of the two remaining cases of senile ectasia was that of a 67-year-old 
man who died of acute coronary thrombosis. The ascending aorta was smooth, 
showed very little atheromatous change, and measured 10 cm. in circumference. 
Its elasticity was markedly diminished. 

The third case* of senile ectasia was one in which the aneurysmal dilatation was 
so large that it had produced dilatation of the aortic ring and aortic insufiSciency, 
and was considered clinically as syx)hilitie aortitis with involvement of the aortic 
valve. The patient was a 70-year-old man who had had dyspnea and palpitation 
on exertion for many years. He first consulted his physician one week before 
admission because of dyspnea and edema of the legs. Wlien examined in the 
emergency ward he was semiconiatose. There was marked pulsation of the neck 
vessels, and a pulsating mass was felt behind the suprasternal notch. The heart 
was greatly enlarged, and the supraeardiac dullness measured 10 cm. There were 
loud systolic and diastolic murmurs at the base of the heart. The blood pressure 

•Tlii.s ca.'se was discussed in detail in the Case Records of the Massacliusetts Gen- 
eral Hospital, Case 181G2, New England J. Med. 18: 861, 1932. 
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was 200/55. The pulse was Corrigan in tj-pe, and Duroziez’s sign was present. 
The Hinton tost was negative. Post-mortem examination showed a tremendously 
dilated, inelastic ascending aorta which measured 15 cm. in circumference (JTg. 4). 
The intima was perfectly smooth, and neither grossly nor microscopically was there 
any evidence of either syphilis or atherosclerosis. 



Fie. 4. — Diagram of heart and aorta of a third patient of the present series of senile 
ectasia (man of 70 years). The dotted lines represent what should he the normal 
contour of the ascending aorta and the aortic arch. 

Of the twenty abdominal aortic aneurysms, only three Avere syphilitic ; 
the other seventeen Avere arteriosclerotic. All of the former and six 
(or one-third) of the latter ruptured. The average age at death in the 
entire syphilitic group of sixty-three cases Avas 46.4 years, and in the 
arteriosclerotic and senile ectasia group of tAventy-three eases, 72.7 years 
(the three patients Avith senile ectasia averaged 71 years) , 

DISCUSSION 

Since the time of Galen medical interest in arterial aneurysms has 
been as Avidespread as the knoAvledge of the etiologie and pathologic 
aspects has been vague. Before the discovery of the Spirochaeta x>allida, 
most aneurysms, especially the nontraumatic, noncongenital varieties, 
Avere thought to be caused by arteriosclerosis. But afterwards, as the 
disease sj^philis became better understood and its pathology widely 
ImoAvn, the etiologie pendulum sAvung to the other extreme. In 1928, 
MacCallum^ stated that “true aneurysms are the result of syphilitic 
disease of the Avail of the vessel.” Two years later, hoAvever, Korns^ 
presented tAvo cases of undoubted atherosclerotic aneurj^sm of the tho- 
racic aorta Avhich occurred, in each instance, in elderly persons Avho had 
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marked atherosclerosis elsewhere in the larger arteries and no serologic 
or pathologic evidence of syphilis. These cases gave undoubted proof 
of the etiologie role which atheroma may plaj^ in the production of 
aneurysm. Karsner,^ however, averred in 1938 that only rarely are 
aortic aneurysms the result of intimal arteriosclerosis except in the 
abdominal aorta, Avhere it is a cause in a fair number of cases. The 
relative importance of such aneurysms in the future becomes apparent 
when one considers, on the one hand, a constantly aging population with 
its now inevitable increase in atheroma and the consequent increase 
in the frequency of arteriosclerotic aneurysm, and, on the other hand, 
a steadily declining incidence of sj^philis in the masses. 

In discussing the clinical aspects of thoracic aneurysms. Mills and 
Horton^ stated that approximately 85 per cent of thoracic aneurysms 
are said to be s.yphilitic, and most of the remaining ones arteriosclerotic. 
In their series, 70 per cent of the patients (total of 339) had sj^philis, 
and in the remaining 30 per cent there was no history of sj'^philis or 
evidence of the disease. In 18 per cent of the latter group, arterio- 
sclerosis of the higher grades (“3 to 4 plus”) was present, but they 
were careful to admit that without suitable anatomic confirmation this 
association did not permit one to assume that atherosclerosis was the 
cause of the aneurysm. Because of the advanced age of the patients 
in the series, it was concluded that arteriosclerosis was probably an 
etiologie factor in a large number. No anatomic studies were done. 

Only a few years ago the clinician considered it an axiom that all 
large aortic aneurj’-sms were syphilitic in origin; small mycotic or in- 
fectious aneurysms were admitted as possibilities to be diagnosed rarely, 
if ever, during life. Hence, whenever it Avas obvious clinically or roent- 
genologieally that an aneurysmal dilatation of the aorta Avas present 
anyAvhere, AA^iether in the ascending or descending portions or in the 
arch, little or no doubt Avas entertained that the patient had old syph- 
ilitic infection, no matter AAhiat the history, serologic reaction, sex, or 
age of the patient might be, or eA'^en Avhat the pathologist might haA'^e 
to say. 

MeanAA'hile the pathologist had become convinced, AAdth the passage 
of time, that, occasionally, large aneurysms of the aorta are not syph- 
ilitic in origin, but are arteriosclerotic in nature or of the type of so- 
called senile ectasia in AA'hich a loss of elasticity alloAA^s a chronic balloon- 
ing out of the ascending aorta, AAdthout atheroma or calcification. It is 
common knoAAdedge, of course, that arteifiosclerosis of the aorta is itself 
precipitated or speeded up by an underlying syphilitic aortitis Avhich 
may be more or less concealed by the sclerotic process that overlies it, 
but in the eases AAdtli AAfiiieh A\"e are noAv concerned, no such basis could 
be discovered by eareful search. 

Slight to moderate dilatation of the ascending aorta Avith adA^aneing 
age is not an uncommon post-mortem finding, and it is usually e.x- 



RUFFIN FT AU. : ARTERIOSCLEROTIC ANEURYSMS AND ECTASIA 467 

plained as the result of a decrease in elasticity. Numerous studies on 
this subject,®"' testing the elasticity of both whole aortas and strips of 
aorta, have all shown that there is a definite diminntion of elasticity 
with the process of senescence. IMicroscopic examination of sections 
stained for elastic tissue does not, however, reveal any such change. 
Elastic fibrils still remain, but it is quite possible that, although they 
continuallj" take the elastic tissue stain, they have lost their functional 
elasticity. Recently, Krafka® has shown that 20 per cent of the loss 
in elasticity of the aorta with age results from fibrosis. The extreme 
degree of ectasia that was seen in the eases cited, however, is certainly 
unusual. 

Just as in the case of dissecting aneurysms, so too in that of arterio- 
sclerotic aneurysmal sacs, the pathologist was well in advance of the 
clinician in his knowledge of aortic disease. But he kept this knowledge 
too much to himself, or we might better say that the clinician did not 
ask to be instructed. Incidentally, the details of coronary artery disease 
are perhaps the most glaring example of the slowness with which the 
pathologist's knowledge penetrated the sickroom. Finally, five or ten 
years ago, internists began very slowly to learn that abdominal aortic 
aneurysms might be entirely arteinosclerotie in origin, and, moreover, 
might rupture and cause rapid death. We are sure that many physi- 
cians who are not yet past middle age had no such teaching in their 
early days in medicine. 

And now we realize, from such cases as we have recounted above, 
that even large thoracic aortic aneurysms may be of an arteriosclerotic 
or senile nature, and that they too may rupture, with fatal hemorrhage. 

An important clue to the diagnosis of arteriosclerotic aneurysms and 
senile ectasia of the thoracic aorta, in some cases at least, is the com- 
bination of old age, female sex, and negative serolog-ic reaction. Recog- 
nition of this condition and proper diagnosis are of more than academic 
interest, for neither should such aneurysms stigmatize the patient as 
syphilitic, nor should the patients receive antisyphilitic therapy, which 
is a tedious, costly, unnecessary, and, indeed, hazardous procedure in 
these old people. 

There remains to be explained the continuous murmur Avhich Avas 
heard over the markedly dilated ascending aorta in the case of the old 
lady Avith senile ectasia (Ca.se 2). The systolic and diastolic murmurs 
AA'hich Avere heard at first in her case are easily explained on the basis 
of the dilated aorta and stretched aortic valve ring, but the superim- 
posed continuous murmur is not so easily accounted for in the absence 
of an arteriovenous or interarterial communication, the diagnosis of 
Avhieh AAms hazarded because of this murmur. Very likely continuous 
eddies in a large, nonthrombosed sac like this can produce such a mur- 
mur, in accordance Avith the old-fashioned idea. 
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SUMMARY AND CONCLUSIONS 

1. Two case records of elderly women are presented, in which death 
resulted from rupture of nonsj^philitic aneurysms of the thoracic aorta; 
one was arteriosclerotic and the other was associated with senile ectasia. 

2. Two other eases of arteriosclerotic aneuiysm and two more of senile 
ectasia of the thoracic aorta were discovered on review of the remani- 
ing 9,600 autopsy records of the Massachusetts General Hospital. Among 
tliese same autopsies there were sixty S5’’philitic aneurysms of the thoracic 
aorta, only three sj^philitic aneurysms of the abdominal aorta, and 
twenty-seven arteriosclerotic aneurysms of the abdominal aorta. 

3. Middle age (46.4 3 ’-ears) was the average length of life for the 
s.yphilitic group, while old age (72.7 jmars) was the rule when the 
aneuiysms were caused bj'- arteriosclerosis or senile ectasia. 

4. As a result of a constantty aging population and a gradual reduc- 
tion of the incidence of S 3 'philis in the masses, it is postulated that the 
importance of arteriosclerotic aneuiysms and senile ectasia will increase 
in the coming 3 mars, and that these conditions will be more commonly 
found if more autopsies are performed on aged iiersons who have hitherto 
failed to attract interest be 3 mnd a eustomaiy diagnosis of arteriosclerosis 
or senility on their deatli certificates. 
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THE NORMAL AND ABNORMAL ESOPHAGEAL 
ELECTROCARDIOGRAM, WITH PARTICULAR 
REFERENCE TO IMYOCARDIAL 
INFARCTION 

Jan Nyboer, D.Sc., M.D. 

New York, N. Y. 

T he concept of the electrical field of the heart in acute coronary dis- 
ease has been greatly broadened by the use of exploratory pre- 
cordial leads. The ■well-known contributions of Wilson, et al.,^‘® and of 
Wolferth, et al.,^’*’ which led to the routine use of the precordial lead, 
have established the validity of the exploratory method in making a 
positive diagnosis of anterior nijmeardial infarction. 

Following the work of Liebei'son and Lil^erson" and of Brown,® Hamil- 
ton and Nyboer® proposed using an esopliageal electrode for localizing 
and evaluating posterior ventricular infarcts. In the present investi- 
gation, cases have been observed in which the onset of coronary occlu- 
sion ranged from one day to sixteen years prior to study by the eso- 
phageal leads. In these same cases, standard electrocardiograms and ex- 
ploratory electrocardiograms of each extremity and of several positions 
on the precordium were also recorded. 

Hamilton and Nyboer® and Nyboer^® sliowed that the auricular in- 
trinsic waves of Lewis were present in the P Avaves Avhich were recorded 
from the auricular level and absent in those recorded beloAV and above 
the auricular level. It was possible, therefore, Avhen the pacemaker 
Avas in the region of the sinus node, to differentiate electrocardiograms 
from the left auricular and left ventricular levels by taking serial 
esophageal leads at 2.5 cm. steps betAveen the loAvest and highest levels. 
P Avaves were selected from esophageal electrocardiograms Avhich usu- 
ally resembled those in standard Leads I and II, Avithout intrinsic de- 
flection% and the ventricular levels Averc ascertained from multiple 
esophageal leads on normal and abnormal subjects. An attempt Avas 
made to shoAv that the esophageal electrocardiogram from the Amntricles 
is as specifically diagnostic of posterior myocardial infarction as the 
precordial electrocardiogram is diagnostic of anterior Avail infarction. 

From the Department of jMedicine, New York Post-Graduate Jledical School and 
Hospital, Columbia University, New York City. 

Presented as a preliminai^' report at the meeting of the New York Heart Asso- 
ciation, New York Academy of iledlcine, Jan. 24, 1939, 
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It will also be shown that the criteria for a diagnosis of posterior myo- 
eai’dial infarction hy the esophageal ventricular lead are essentially the 
same as those employed for a diagnosis of anterior myocardial infarc- 
tion in the preeordial lead. 

NOMENCLATURE AND METHOD 

T]ie standard leads ivere marked I, II, and III. A selected precordial lead, 
marked was taken from tlie region of the apex, or to region of Wilson. 
The selected juxtaventricular lead in the esopliagus was marked EY, and hereafter 
will be referred to as “EV lead.” The selected juxta-aurieular lead in the esophagus 
was marked EA, and will be referred to as ”EA lead.” The esophageal tracings 
were usually perforated with the distance in centimeters from the nares or incisor 
teeth to the retrocardiac exploratory level. The limited or selected leads were 
used in order to illustrate the more significant observations with' relation to tlie 
anterior and posterior wall of the heart, although complete data were available 
in each case. . , . 

The central terminal of Wilson, Johnston, Macleod, and Barker was used as the 
inditferent electrode in tlie precordial, extremity, and esophageal leads. All ex- 
ploratory leads were recorded in such a way that an electronegative deflection was 
a downward movement on the graph, and thus they conform to the new t’erminologj' 
for exploratoiy electrocardiograms recommended by the American and' British 
Heart Associations. The usual level for studj' of the posterior part of the heart 
ranged between 30 and GO cm. from the incisor teetli or nares, Tlie patient was 
usually in the recumbent position while the esophageal ventricular leads were being 
recorded. This was helpful in probably preventing excessive overlapping of tlic 
left auricle over the left ventricle, wliich would have confused the electrical picture 
in this region. 

Since the roentgenkymographic studies of Gubner and Crawford^ on coronary 
thrombosis appeared simple and diagnostic, it seemed that their method might possi- 
bly be used as a clieck on the validity of tlie esophageal electrocardiogram. Hence, 
a No. 14 soft rubber tube was equipped with a whalebone insert upon which radi- 
opaque metal rings were mounted and properly spaced. This esophageal tube was 
used to identify the posterior levels of the heart in the conventional or kymographic 
roentgenograms. The observations in two cases of typical posterior myocardial 
infarction will be presented by this method; the records were made with the 
patient in the standing position. 

RESULTS 

A. The Normal Esophageal Lead 

In eaeli of four normal .suh.'jects (D. B., aged 22, E. G., aged 26, and 
D. K., aged 40, in Fig. 1, and R. AV., aged 26, in Fig. 2) a close resem- 
blance was noted between the potentials of the selected Lead lA^ and 
the EA' lead, in spite of minor deviations in electrical axis as shown in 
the standard leads. At the esopliageal auricular level the QES complex 
and the T wave were usually approximately inverted images of the 
normal ventricular potentials in tlie apical and esophageal ventricular 
leads. P in Lead EA showed intrinsic waves Avhich ivere easily identi- 
fied at several levels. 
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In each EV lead the P waves shoAved no evidence of intrinsic deflec- 
tions, and were usually sinootli, com'ex, and upright. The ventricular 
complex was usually composed chiefly of an K wave. A small Q wave 
Avas rarely present, and Avas not considered abnormal clinically unless 
it exceeded 0.4 milliA'olt, and AA'as present AA'ith other abnormalities. 
The S AA'ave could normally ]je alrsent. The RS-T segment Avas approxi- 
mately isoelectric. The T Avave aa'os usually convex, upright, and defl- 
nitely eleetropositiA-e in all normals. Deviations from these findings 
AA^ere comsidered almormal in the folloAAung cases. 



B. Anterior Myocardial Infarction 

B. C. (a man, aged 49), previously cited by Hamilton and Nyhoer,® 
shoAved abnormalities in the standard and fourth leads, Avhich, together 
Avilh a typical clinical liistory and course, appeared sufficient for a 
diagnosis of anterior myocardial infarction. Six Aveeks after the onset 
of the disease, the ])recordial lead (Fig. 2) shoAved an abnormal Q as 
the sole QRS complex, and a sharply hiA'orted T AA'ave. These ahnor- 
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malities, together with the progressive cliange observed previously, 
were diagnostie of anterior mj'’ocardial infarction. 

The EV potentials in this ease resembled the esophageal ventricular 
potentials of normal subjects; however, minor abnormalities of the 
RS-T segments and T waves were present. The EA potentials were 
markedly abnormal in this ease; the initial and final ventricular com- 
plexes were essentiall 3 ’' inverted images of potentials from the pre- 
eordium over the “central area” of infarction (Pig. 2). 


fi-JK-ZU 



Fig. 2. — Comparison of tracings from a normal subject ■with those in cases of 
anterior and posterior coronarj' occlusion, using standard and selected exploratory 
leads. (Tliese tracings were modified and reprinted by permission of the authors, 
Hamilton and Nyboer'’,) 

G. Recent and Healing Posterior Myocardial Infarction 

Case 1. — E. E,, a man, aged 59, previously cited by Hamilton and Nyboer,» 
suffered a tj'pical attack of coronary occlusion. The usual four leads supported 
the clinical diagnosis and indicated that the occlusion was a posterior one (QjT, 
type). 
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One day after the onset of the disease, the EV potentials resembled Lead III 
(Eig. 2) and the left leg extremity potential (not shown). The authors com- 
mented that these curves were comparable to those which are obtained at the 
margin of experimental infarcts, as shown by Wilson and his collaborators, ^ and 
that the infarct probably did not involve the entire thickness of the muscle under 
the electrode. In esophageal Lead EV the Q wave was about one-tliird the size 
of the QKS, and was associated n-ith a markedly elevated ES-T segment and 
inverted T wave. The juxta-auricular leads were also abnormal and showed a 
small Q wave, a tall E wave, an elevated E-S-T segment, and a diphasic T wave. 

l(,-T-39 23-T-3‘1 £-W-3? ■ 
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Pig. 3. — Three electrocardiograms on a patient with posterior coronary occlusion, 
showing an abnormal Q in EV as the sole QRS deflection, accompanied by inversion 
of T in EV. 

Case 2. — J. H., a man, aged 50, had a typical attack of coronary occlusion 
while at work (January 14). A few hours later this diagnosis was confirmed by a 
four-lead electrocardiogram in his physician’s office, and the patient was hospital- 
ized. On the third hospital day, January 16, a tracing of the Q^T, (Fig. 3) type 
indicated that the occlusion was posterior, but Lead IV was not definitely abnormal. 

On the ninth hospital day, January 23, esophageal lead EV (Fig. 3) showed a 
Q wave as the sole QE-S deflection, an inverted T wave, and an isoelectric ES-T 
segment. The corrected Q wave measured 1.5 millivolts, and the T wave was 
negative by 0.3 millivolt. The EA lead was not definitely abnormal. Thus the 
progressive and marked ES-T and T-wave changes in the standard leads, with the 
persistently abnormal Q; and Q,, established the correctness of the diagnosis of 
posterior myocardial infarction; tliis was also supported by the EV lead changes. 
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A four-lead electrocardiogram on May 2 (Fig. 3), taken Uvo day.s after the 
second attack of coronary occlusion and 3.5 months after the tir.st occlusion, sug- 
gested the possibility of a superimposed, recent, posterior myocardial infarction. 
The patient died on May 3. Necrop.sy was not permitted. 
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One day before entry lie bad a second, severe attack of precordial distress which 
was not relieved by 5 nitroglycerine tablets. It persisted for about four hours. 

A four-lead electrocardiogram on admission (Fig. 4, Februaiy 23) showed an 
abnormal Qo and Q,, an elevated RS-T, and RS-T,, a depressed RS-T^, and an up- 
right T: and T,. These abnormalities, together with progi'essive changes in the 
next twenty-four hours and the hi.storj-, were adequate to establish a diagnosis of 
very recent myocardial infarction involving mainly the posterior ventricular wall. 
The precordial series (Fig. 4, ilareli 9) showed an essentially normal V„ but an 
abnormal V„, wliich was probablj- indicative of an associated, incomplete infarction 
of the apex. Additional, progressive, standard lead changes were apparent on 
March 29 (Fig. 4). 
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Pig 5 Three electrocardiograms on a patient with posterior myocardial infarction, 

showing persistence of the EV abnormalities after a three-week interval. 

Esophageal Lead EV (Fig. 4, March 9), about three weeks after the onset of acute 
symptoms, showed an abnormal Q of O.ii millivolt, and greater, from several levels, 
followed by a small R summit, a small S, a slightly elevated RS-T segment, and 
a moderately inverted T wave. No satisfactory EA leads were recorded; the ab- 
normal EV lead, however, confu-med the suspicion of posterior myocardial infarction 
which was aroused by the changes in the standard leads. 

Case 4. — G. L., a man, aged 43, had a typical history of coronary occlusion in 
October, 1938. About one month later, Dec. 1, 1938, the (four lead) electrocardio- 
gram (Fig. 5) showed conclusively that the patient had recently had posterior 
myocardial infarction. 
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In the seventh week of the disease, esophageal Lead EV, with the electrode 52.5 
cm. from the nares, showed a deep Q wave of 0.6 millivolt, followed by a smaller 
B wave and an S wave which was equivalent in voltage to the Q wave, an iso- 
electric ES-T segment, and a sharply inverted T wave. The EA leads were normal. 
In the tenth week of the disease, the standard precordial and esophageal leads 
showed definite changes, as compared with the previous tracings (Fig. 5). The 
persistent abnormality in esophageal Lead EV at 52.5 cm. was the presence of 
deep Q waves of 0.8 millivolt, with sharply inverted T waves of 0.6 millivolt. Thus, 
the changes in the EV lead again confirmed the impression gained from the standard 
leads. This patient returned to work and has no cardiac complaints. 
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Case H-A- , 

Pig-, e.— Five electrocardiograms on the same patient oyer a period 
showing progressive changes in four EV leads which are indicate e of S 

posterolateral myocardial infarct. 

Case 5.— H. A., a man, aged 58, had an atypical attack of coronary occlusion 
two weeks prior to admission. The final diagnosis was established on the basis of 
progressive changes in three routine serial electrocardiograms, in which the Q3T3 
type of abnormality was ascribed to a posterior myocardial infarction (Fig. 6). 

The abnormal, W-shaped QBS„ with a slightly depressed ES-T, segment and a low 
T, of 0.5 millivolt, was explained by the abnormal precordial potentials from the 
region of the apex; these explorations suggested (Fig. 6, Jan. 13, 1938) that there 
was an incomplete infarction of the left lateral ventricular wall or apex. 
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In the fifth week of the disease (Jan. 5, 1938), esophageal Lead BV, with the 
electrode about 45 cm. from the incisors, showed a deep Q wave only, and a sharply 
inverted T wave. The BA lead was not definitely abnormal at this time or sub- 
sequently, in the course of a year. Abnormal BV potentials were found in this case 
in the sixth week, and in the fifth, ninth, and eleventh months after the onset of 
the disease (Fig. 6). All of these confirmed each other, although progressive changes 
had taken place, presumably because of healing of the infarcted area near the 
exploratory electrode. It should be noted that, in Lead EV, a persistent, abnormally 
deep Q wave and inverted T wave remained in this region and at lower levels over 
this period of time and confirmed the diagnosis of infarction of the posterior 
ventricular wall which was made from the standard leads. 
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Pig-. 7. — Throe electrocardiograms 
farction, showing progressive changes, 
electropositive T wave. 


on a patient with posterior myocardial in- 
Note that the EV lead shows an upright. 


D. Healed Posterior Myocardial Infarction 

Case 1. ^L. D., a man, aged 44, had an attack of coronary occlusion on April 
IS, 1936. The pain soon disappeared, but dyspnea on exertion continued for about 
three years. Tliis was relieved by a reduction in weight. In 1940, there -u-ere 
no cardiac complaints. Standard electrocardiograms taken two and five days 
(Fig. 7) after the onset showed a Q.T. pattern, with progressive changes indicating 
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recent posterior myocardial infarction. Studies in our laboratory, in 1939, showed 
a marked tendency for the T wave to return to normal. However, the deep Q, and 
Q, persisted. One year later, no evidence of further change in the standard leads 
could be detected. Lead IV was normal in 1939 and 1940. 

The EV leads (Eig. 7, April 1, 1939), taken three years after the initial symp- 
toms, showed an abnormal Q wave, 0.7 millivolt in size, or larger, from levels 
45.0 to 55.0 cm. from the nares. This Avas associated Avith tall R Avaves and upright 
T Avaves at each level. However, the EA leads Avere within normal limits. It 
appears that in the EV leads the T AvaA-es may be upright if healing of the posterior 
infarct has taken place. 
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myocardial infarction which was not clearly indicated by the standard leads was 
diagnosed by means of an abnormal esophageal electrocardiogram about five years 
after its occurrence. 

Case 3. — O. S., a man, aged 52, was studied in the cardiac clinic for the first 
time in 1932. He complained of intermittent chest pain, with radiation down the 
left arm, which was related to physical exertion. There was no history of an 
acute onset. He was well developed, somewhat obese, and weighed 190 pounds. 
Although he was not cooperative in the clinic, lie later returned voluntarily for 
an electrocardiogi'am. At this time he no longer had angina, and was working 
steadily at the age of 59. He had not reduced his weight. Clinically, in 1939, 
the case was one of asjTnptomatic or healed coronarj' occlusion. The initial 
electrocardiogram (Fig 9, 1932) was of the QjT, type, with low \mltage, and was 
tj’pical of posterior mj’ocardial infarction. The standard leads, in 1939, showed 
a persistent Q^T^ pattern, with T-wave changes toward a more normal direction, 
but of low voltage. Lead lA'' was within normal limits. 

5-^ir-33 S-I3:-35 



i -rrifv. no<?terior myocardial infarc- 
Fig. 10.— Three electroci^diograms on a Patient v Ah P of the disease, 

tion, showing an upright T wave m Lead El m tne 
six y^ars after the initial symptoms. 


About so™ years after tie initial signs of we 

(Pig. 9) sh„n-ed a Q wave of 0.7 nbilivolt and a d.pbas. T «rve, w 

definitely abnormal. The deep Q wave was presen . , , ^ ^^ve. ’The EA 

nares, and at lower depths it was associated mth an inverted T wave 

leads were within normal limits. 
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Case 4. — N. K., a man, aged 56, suffered severe precordial distress while at 
work two months prior to his first clinic visit on June 29, 1933. This was not 
relieved by stooping over, and the patient was forced to take a taxicab home, 
although he had waUmd forty blocks to work on the same day. He remained in 
bed for about three months. This story, together with changing electrocardiograms 
(Fig 10), probably of the QjT, pattern, accompanied by low voltage of QRSs was, 
in 1933, adequate to establish a diagnosis of posterior myocardial infarction. Five 
years after the initial symptoms, although the patient had no complaints referable 
to the heart, Qj was stiU the sole QRSj complex; however a significant Q, was 
never present. 

H-R- 

n-r-se 



Fig. 11.— Two electrocarclioeranis on the same patient as in Fig. 12, showing the 
value of the EV lead in interpreting borderline electrocardiograms sixteen years after 
the initial symptoms. 


The initial EV leads (Fig. 10) at several levels showed only a deep Q of 1.5 milli- 
volts and a positive T wave. The QBE was definitely abnormal, although T was 
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upright but of low voltage. These abnormalities indicated a posterior wall lesion. 
Lead EA was within normal limits. 


Case 5 (A Case of JSqtiivocal Standard Leads ). — A cardiac clinic patient, H. R., 
a man, aged 73, was in good health in 1938, and had no complaints referable to his 
heart. As a matter of routine, an electrocardiogram was taken and compared with 
one made in 1933, which was regarded as normal in our laboratory. However, in 
the absence of clinical notes, the interpretation of the 1938 record (Fig. 11) stated 
that the Q, and Q, were difficult to evaluate, for the voltage of Q, was greater than 
one-quarter of that of B,, wliile T, was low and T, inverted. Lead IV was normal, 
and there were no evident clianges since 1933 in tlie standard leads. 

In 1939, a liistory of viselike precordial pain which occurred intermittently for 
five or six weeks in 1922 was obtained, and it was discovered that initially liis com- 
plaint had been diagnosed and treated as “influenza” by a private physician. Six 
weeks later he had come to the cardiac clinic, where his complaints were regarded 
as indicating “rheumatic fever,” with symptomatic myocarditis. Pathognomonic 
signs of rheumatic heart disoa.«e never developed. In 1933, the cardiac diagnosis 
was clianged to “coronary sclerosis associated with a mild anginal syndrome.” 


I<j33 




Pig. 12. — Two electrocardiograms on the same patient f ® €‘ „lities in the 

a late diagnosis of posterior myocardial infarction hy the ah 
standard leads. 


This history made us skeptical of the earlier diagnosis, and, therefore, the pos- 
terior ventricular region was explored on Nov. 8, 1938 (Fig. 11). 
resembled those in the above-described cases of posterior myocardia in mc ion, 
and suggested that the patient had a healed posterior myocai dial infect. ix era 
years after the onset of the disease he had a deep Q and ini erted ^ ™ ^ , 

leads. This diagnosis was later confirmed by the discovery of a deteriorated recor 
which had been taken on this patient in 1925 (Fig. 12). Comparison with more 
recent tracings (1933, Fig. 12) showed that myocardial changes must lave 
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place; in these the abnormal Q™ and Q, were accompanied by a low, upright T, 
and an inverted T,. Therefore, the esophageal electrocardiograms led to the specific 
localization of an old infarct, althougli the standard leads had been equivocal for 
the preceding five years. 

E. Roentgenhijmograms in Posterior Myocardial Infarction 

Autopsies Avere not done in the ease of E. E. (Pig. 2) and J. H. (Pig. 
3) ; therefore, there tt^as no opportunity to correlate post-mortem ob- 
servations with the potentials of the EV leads in cases of posterior 
occlusion. 

Up to the present time, no correlation is known to have been estab- 
lished “in vivo” betAveen tlie EV lead and the roentgenkymogram in 
cases of posterior myocardial infarction. This Avas attempted in tAA'^o 
typical cases; hoAvever, the EV leads Avere made Avith the patients re- 
cumbent, and the kymograms Avith the patients in the vertical posi- 
tion. Therefore, the true kymographie outline of the posterior heart 
Avail may have lieen olDseured by the loAA^er border of tlic left auricle, 
for the latter possiljly assumes a loAver position because of its OAvn 
AA’^eight, or becomes less distorted because it no longer lies in juxtaposi- 
tion to the spine. This possibility Avas suggested by comparative studies 
(not yet reported) of the Ex\ and EV leads in the recumbent and 
standing positions. 

Case 1. — In the case of G. L. (Fig. 5), which Avas typical of posterior myo- 
cardial infarction, as far as the standard and EV leads Avere concerned, there Avas 
no evidence of infarction in the left lateral kymogram at a level corresponding 
to 47 to 55 cm. from the nares, A\-hich Avas the location of the infarct, according to 
the esophageal leads. 

Case 2. — In the case of H. A. (Fig. 6), AA-hich Avas typical of posterior myo- 
cardial infarction and incomplete infarction of the left Avail, as shown by the 
standard, precordial, and EV leads, a left lateral roentgenogram and several left 
oblique kymograms shoAved no evidence of infarction at levels corresponding to 45 
cm. or more from the teeth. 

In conclusion, rocntgcnkymographic studies in these tAvo cases yielded 
nothing to support a diagnosis of posterior myocardial infarction. It 
is believed that better results may possibly be obtained by taking roent- 
genkymograms Avith the patient in the recumbent position. The nega- 
tive results in these cases do not rule out infarction of the posterior, 
lateral, or diaphragmatic cardiac AAmll. 

F. Other Factors Influencing the Initial QRS Reflections in the 
Esophageal Ventricular Lead 

If Q is the only QRS deflection in EV leads, a diagnosis of posterior’ 
myocardial infarction is not ahvays justified. This is illustrated by some 
of the folloAving cases in Avhieh there Avas no evidence of coronary occlu- 
sion. The presence of an initial, small R avoa’c in the EV leads is prob- 
ably not abnormal. 
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Case 1 (Left Axis Deviation). — H., a man, aged 65, had been in good health; 
his blood pressure was normal, but he had slight cardiac enlargement and a systolic 
murmur. His electrocardiogram (Fig. 13) showed left axis deviation, a low T„ 
and a normal Lead FV. The EV leads from several levels showed an initial, small 
B wave of about 0.4 millivolt, and a much deeper S wave. These are not definitely 
abnormal. The EA leads were within normal limits. This study was done as a 
routine, not because of complaints, and indicated that caution in the interpretation 
of the small B wave in EV leads in some cases of axis delation is necessary. 
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Fig. 13.— Factors influencing the appearance of the QRS complex in 

leafls of four patients, in the absence of a conclusive history or oinei 
of coronary occlusion. 

Case 2 (Intraventricular Block With Short F-B Interval). T.^ B., a wo ^ , 
aged 26, had had several short paroxysms of tachycardia during emotion 
physical exertion. There was no history of rheumatic fever and chorea, but she ad 
had scarlet fever. There were many ventricular and auricular extrasystoles at the 
ages of 14 and 16, and murmurs were “intermittent” in childhoo . a 

systolic murmur was present in 1939. No roentgenologic evidence o 
normality was found at any time. 
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Routine electrocardiograms (Fig. 13) showed a persistently short P-B interval 
(0.10 second), a prolonged QBS interval (0.12 second), QRS slurring in Leads I, 
n. III, and rV, marked left axis deviation, and an inverted T,. Persistent left 
axis deviation and intraventricular hlock, with a short P-B interval, had been 
present in repeated tracings for the preceding eight years. 

The abnormal EV leads (Pig. 13) at the lowest levels (52.5 and 55 cm. from the 
nares, i.e., probably subdiaphragmatie and in the stomach) showed a slurred Q wave 
as the sole QBS complex, followed by an isoelectric BS-T segment and upright 
T wave. At levels nearer the anriculoventricnlar border (EV, 47 cm.) a small 
B wave preceded the deep S wave, and was followed by an isoelectric ES-T segment 
and an upright T wave. The EA leads were not definitely abnormal except for the 
slurred Q wave, which was the only QRS complex. It was followed by an inverted 
T wave. In summary, what was apparently a Q wave was present in the EV lead 
in the absence of coronary occlusion. 

Case 3 {Left Axis Deviation and Left Ventricvlar Hypertrophy Associated With 
Hypertension). — P. G., a man, aged 64, -who was known to have hypertensive 
cardiac disease, ndth marked left ventricular enlargement, was admitted to the 
hospital because of cardiac failure. The standard leads (Pig. 13) showed a 
QBS conduction time of 0.10 second, a P-B interval of 0.20 second, pronounced left 
axis deviation, inversion of T„ and a bizarre QBSj. The precordial lead showed 
T-wave inversion in the apical region, whereas QES< was essentially normal. 

The abnormal EV leads (Fig. 13, F. G.) showed an initial B wave of about 0.05 
millivolt, followed by a notched S wave of 1.2 millivolts, an isoelectric BS-T seg- 
ment, and a T wave of 0.1 millivolt. The EA lead showed an M-shaped QBS com- 
plex, followed by a diphasic T wave. Digitalis may have been responsible for part 
of the T-wave abnormalities. No known abnormalities indicative of coronary 
thrombosis were present in this case at any time; however, the QBS complex was 
abnormal in the EV leads. The position and size of the heart may have been 
responsible for the difference between QBS in the EV leads and QES<. 

Case 4 {Questionahle Coronary Occhision). — S. S., a retired business man, aged 
55, gave an unreliable histoiy which was similar to that of coronary occlusion; it 
began three 3 'ears before admission, and continued as an "anginal syndrome” 
intermittently. On admission there were changes in the standard and precordial 
leads which suggested a toxic factor, such as digitalis, rather than primary myo- 
cardial disease. The patient denied having taken this drug. After ten days of 
rest in bed and withdrawal of all known cardiac medications, except as prescribed, 
the standard and precordial leads became essentially normal and resembled those 
taken elsewhere a few years earlier. After he had been digitalized with 15 grains 
of digifobn, the curves became abnormal and resembled those taken on admission. 
Therefore, it was felt that the patient was a malingerer. The patient was tmce 
admitted elsewhere after discharge from our hospital. The opinions held were that 
the electrocardiograms were abnormal probably because of medication with digitalis- 
like drugs. 

The EV leads (Pig. 13, S. S.), 52.5 and 55.0 cm. from the nares, showed no 
evidence of a Q wave. An B wave of 0.7 millivolt was the initial deflection and 
was followed by an S of 0.1 millivolt and a notched, upright T wave. The leads 
at 50 and 47 cm. showed an initial E wave of 0.2 millivolt, followed by a deep S wave 
of 3.0 millivolts and an upright T wave of 1.0 millivolt. These were normal for 
the EV lead within 5 cm. of the lower border of the auricle, as judged by the 
EA lead. The patient was in a semirecumbent position when the esophageal leads 
were taken. 
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The EA leads were obtained at the low level of 45.0 cm. and had elevated ES-T 
segments, with upriglit or diphasic T waves, presumably’- because of a toxic factor. 
The elfect of digitalis on the EV lead Avas somewhat uncertain, for the T AvaA’e 
remained upright at all levels. In summary, no evidence of localized myocardial 
infarction Avas obtained by tlie routine, extremity, precordial, and esophageal leads 
in this case of AA'liat AA’as probably malingering. 

G. Other Factors Which Simnltaneonslij Inflncncc the Direction of the 
T Wave of the Esophacjeal Ventricular Leads and Precordial 

Ventricular Leads 

Greater .skepticism has arisen over inverted T waves than over the 
Q waves in the diagnosis of myocardial disease. A nnimural left ven- 
tricular appearance of inverted T waves might be suggestive of a 
localized lesion. Adults normally have positive T waves in the apical 
and posterior ventricular leads. In the following cases, inversion of 
the T wave in leads from the apical and posterior ventricular regions 
occurred in the absence of QRS abnormalities in these leads. There 
was no conclusive history or objective indication of old or recent coro- 
nary occlusion in these cases. 

Case 1 {Hypertensive Heart Disease With Left Fcniricular Enlargement and 
Left Axis Deviation). — S. L., u man, aged 30, probably had Cushing’.s syndrome. 
Chronic glomerulonephritis, multiple furunculosis, and hypertensiA-e heart disease 
AA'itli a blood pi’essure I’anging from lSO/320 to 240/160 Avere IcnoAvn to Imve been 
present for one year. lie had an elongated type of heart, AA-ith “25 per cent en- 
largement of the A-entricles, ” and staphylococcus bacteremia. There AA’as no history 
of coronary occlusion, and digitalis had not been giAon. 

Tlie standard leads (Fig. 14, S. L.) shoAA’ed higli voltage of tlie QES deflections, 
left axis deA’iation, and a poorly defined, Ioaa', and diphasic T„ T„, and Tj. Lead 
IV sliOAved a normal QES, and abnormal, minus-plus, diphasic, Ioav voltage T waves. 
The EV lead shoAved a normal QBE, and an abnormal, inA’erted T of 0.2 millivolt. 
The EA potentials Avere normal. In summary, T-Avave inversion Avas significant in 
leads from the left ventricle in this case. 

Case 2 {Hypertensive Heart Disea.se With- Left Ventricular Enlargement and a 
Kormal Electrical Axis). — S. E., a man, aged 46, complained of dyspnea on exertion, 
a localized precordial pain, and nocturia folloAA-ing an upper respiratory^ infection. 
No significant improA^ement had occurred during the preceding three years, during 
which time his blood pressure ranged from 170/90 to 210/110. The pulse rate 
averaged SO beats per minute, the aortic second sound Avas accentuated, and there 
Avere no murmurs. Eoentgenologic examination shoAved moderate enlargement of 
the left and right A’entricles and a AAudened aortic arch. Urinaly’sis Avas negath’e. 
There AA-as nothing to suggest that coronary occlusion had occurred, and the patient 
had not had congestiAm heart failure or taken digitalis. 

The abnormalities in the standard leads (Fig. 14, S. E.) Avere confined to the 
diphasic T, and moderately' inA'erted T„ and T^. Lead IV and Lead EV AAere 
essentially the same, AA’itli small Q Avav’es of 0.3 to 0.4 millivolt, E waves of 2.0 
millivolts, and moderate inversion of the T AA'aves. An S AvaA’e AA’as present in Lead 
IV but not in the EV leads. The slightly depressed ES-T segments and moderately 
inverted T waves AA’ere found bimurally OA’er the left ventricle. The EA potentials 
AA’ere not abnormal. 
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The standard leads (Fig. 14, B. S.) showed liigh voltage of the QES deflections, 
moderate left axis deviation, a QES interval of 0.10 second, and inverted T, and T„. 
Leads IV and EV were very similar; both had B waves of about -3.0 millivolts, fol- 
lowed by small S waves and inverted T waves. Lead EA showed a diphasic T wave. 
In sunmiary, T-wave inversion was again common to Lead IV and Lead EV over 
the left ventricle. 

Case 5 (Toxic Factors, Inchiding Digitalis). — J. W., a woman, aged G3, had a 
positive blood Wassermann reaction, mitral stenosis, an enlarged heart, and 
auricular fibrillation with supraventricular tachycardia before she was first digital- 
ized. She was later given LugoPs solution because of hypertliyroidism. There was 
no history of coronary occlusion. 

The standard lead electrocardiogram (Fig. 14, J, W.) showed normal voltage 
of QES and a normal electrical axis; T, and T, were abnormally inverted, presum- 
ablj" because of multiple factors. Chronic auricular fibrillation was also present; 
the ventricular rate had slowed before this special study. 

The QES gi'oups in Lead IV and Lead EV were within normal limits. Inverted 
T waves were present anteriorly and posteriorly on the left (V 4 -V|. region), and 
at all levels in the EV leads (Fig. 13, J. W.). The EA lead showed a normal QES 
group and a positive T wave. Although the etiology' of the alteration in the T 
waves was doubtful, there was no reason for ascribing inversion of T^ and of T in 
Lead EV to coronary occlusion in this case. 

Case 6 (Effects of Nutritional Deficiency, Superimposed on ProVahle Arterio- 
sclerotic Heart Disease). — K. V., a woman, aged 74, was admitted in a semicomatose 
state and remained psychotic for about six weeks, whereupon, with the administration 
of large doses of vitamin B, the psychosis disappeared within three days^ time. 
Coronary occlusion was suspected initially, but conclusive indications of infarction 
never developed in the four routine leads. The rapid pulse rate slowed; the 
transverse diameter of the markedly enlarged, heart decreased about 3 cm.; the 
pulmonary congestion cleared up; the peripheral edema over the arms, legs, and 
back disappeared; and the enlarged liver shrank until it was no longer palpable. 
Meanwhile, the blood pressure fluctuated from normal to high, and the loud, apical, 
mitral systolic murmur remained unchanged by the vitamin B therapy. The left 
ventricle was moderately enlarged, and the heart was of the elongated type as 
shown by fluoroscopic examination. 

The standard lead electrocardiogram (Fig. 14, K. V.) showed normal conduction, 
slight left axis deviation, moderate inversion of T, and T„, and deep inversion of 
T.,. Four weeks after admission, T, became slightly inverted. With the 
administration of vitamins B, and B,, T, and T, became less inverted, and T^ became 
upright again. Lead IV and lead EV showed normal QES groups; however, inverted 
T waves were present in the V^-V^ region and in esophageal leads from the left 
ventricular region. The EA leads showed normal QES and isoelectric T waves. 
Thus, it appears that, when myocardial disease involves an enlarged left ventricle, 
it is not unusual to observe inverted T waves anteriorly and posteriorly. 

DISCUSSION AND CORRELATION 

The exploratory leads used in this study Avere essentiallj’" unipolar 
AAUth respect to a central, indifferent terminal. The clianges of potential 
represented by the normal precordial leads Avere indicated by Lead IV 
in D. B., E. G., D. K. (Fig. 1), and E. W. (Fig. 2). These cim^es Avere 
similar to each other in most respects, and also A’^ery similar to noimal 
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posterior ventricular leads (EV) in these same eases. Therefoi’e, one 
may conclude that indirect exploratory leads from the normal anterior 
or posterior walls were similar in outline''’’ with I’espect to the P Avave, 
QRS, and T Avaves, regardless of AA’hcther the chest or the rctrocardiac 
tissue separated the electrode from the normal left A’entricle. 

The indirect EA leads from the normal left auricle in these same 
eases (D. B., E. G., D. K., R- W.) shoAved diphasic P avoa’cs, AA’itli 
auricular intrinsic AA’aA’es Avhieh identified the auricular Ica’cI. In gen- 
eral, the characteristic QRST deflections appeared to he inA’erted images 
of those in exploratory leads from the left A’cntricle (EV and IV). The 
QRST weaves in the EA leads also closely resembled those recorded by 
Wilson and his associates directly from the left ventricular cavity in 
experimental animals. Thus, in normal EA leads, the blood pool of the 
lieart appeared to be the physical medium and the most direct path of 
conduction of the action currents produced by the ventricle. It is also 
responsible for conducting these currents aAvay from the ventricular 
cavity to the auricular surface during the ventricular electrical cjmle; 
this accounts for the typical form of the QRST complex (in the EA 
lead), AA’hich is the inverted image of the electrocardiogram obtained 
from the normal surface of the left A'entricle. Other exploratory electro- 
cardiograms on normal subjects, taken above the base of the heart, e.g., 
an esophageal lead opposite the aortic arch, or a unipolar lead of the 
riglit arm^” (using Wilson’s central terminal as the indifferent elec- 
trode), are similar in form to the QRST complex in the EA lead. When 
apparently marked and gross abnormalities occur in nijmcardial infarc- 
tion (cases B. C. and E. E., Fig. 2), the EA electrocardiogram and 
other exploratory electrocardiograms (not included in this paper) aboA’e 
the base of the ventricle are greatly altered from the normal potential 
found in these regions. 

A deep Q AA’ave occurred as the sole QRS complex in EV leads in 
three cases of posterior coronary occlusion, namely J. H. (Fig. 3), H. A. 
(Fig. 6), and N. K. (Fig. 10) ; these leads closely resembled preeordial 
Lead IV in the case of anterior occlusion, B. C. (Fig. 2), and the EA 
lead of normal subject D. K. (Fig. 1). It appears that the common 
factor Avhich produced similar QRS outlines® Avas the large, inert mass 
of dead muscle in the infarct cases and the large pool of blood Avhich 
electrically connected and effectiAmly short-circuited the auricle and 
ventricle to the EA lead of the normal subject. Thus, both conduction 
paths, although they Avere technically different, actually permitted a 
recording of the action current A’ariations from the ventricular cavity. 

EV leads from the posterior nijmcardial infarct regions in AA’hich Q 
AA’as not the sole QRS complex AA’ere obtained in seA’en eases, namelA’ 
E. E. (Fig. 2), L. B. (Fig. 4), C. L. (Fig. 5), L. D. (Fig. 7), F. N. 
(Fig. 8), 0. S. (Fig. 9), and H. R. (Fig. 11). These deflections resem- 
bled the QRS group in EA leads from normal subjects D. B. (Fig. 1), 
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E. G. (Pig. 1), and E. "W. (Pig. 2), and also the exploratory leads from 
the margins of experimental infarcts obtained by Wilson and his asso- 
ciates. Thus, it appeared that the BV leads in these cases were prob- 
ably taken over areas in which the infarction did not involve all of the 
muscle under the electrode, rather than over the center of areas of com- 
plete infarction. These observations were, nevertheless, helpful in locat- 
ing the lesion in the acute, subacute, and chronic stages of myocardial 
infarction, ranging from one day to sixteen years after the onset of 
the disease. 

Significant ES-T segment elevation in EV leads occurred in only two 
eases of acute posterior infarction, namely, E. E. (Pig. 2) and L. B. 
(Pig. 4). Significant ES-T deviations in EV leads were not noted in 
the subacute or chronic stages of posterior mj'-oeardial infarction. A 
slight ES-T (Lead EV) segment depression occurred in the case of 
anterior occlusion, B. C. (Pig. 2). Wood and Wolferth® and Wilson, 
et al.,®’ have shown that ES-T segment (Pig. 2) deviations disappear 
in a few hours from explorator}’- leads taken directly over cardiac in- 
farcts produced in animal experiments. They also showed that, in direct 
leads from the side of the heart opposite the injured region, the ES-T 
displacement was electronegative, and, from the same side as the injury, 
electropositive. This is confirmed by the above observation in the BV 
lead for the ES-T segment is depressed (electronegative) in acute 
anterior mjmcardial infarction (B. C., Pig. 2) and elevated (electro- 
positive) in acute posterior m^mcardial infarction (E. E., Pig. 2). 
In regard to T waves in the EV leads in cases of posterior occlu- 
sion, variable results were observed. In all of five cases of recent 
posterior occlusion, namely, B. E. (Pig. 2), J. H. (Pig. 3), L. B. 
(Pig. 4), G. L. (Pig. 5), and H. A. (Pig. 6), the T waves in EV leads 
were inverted. In three of five cases of old or healed lesions, namely, 
P. N. (Pig. 8), 0. S. (Pig. 9), and H. E. (Pig. 11), the T waves were 
also inverted or diphasic; however, in two cases, namelj'’, L. D. (Pig. 7) 
and N. K. (Pig. 10), the T waves were upright. The T wave remained 
electropositive in the case of anterior occlusion, B. C. (Pig. 2). There- 
fore, in general one may conclude, with regard to the QEST deflections 
in EV leads in eases of posterior myocardial infarction, that the deep 
Q wave, if present and abnoianal, tends to persist for years,, whereas 
the T waves, if inverted and abnormal, may remain inverted, or may 
become diphasic and upright during the process of healing. The ES-T 
segment elevation is transient, and it is significant only in some eases 
of acute posterior infarction. These deviations, if found together in 
the EV lead, are as specific indications of posterior myocardial infarc- 
tion as similar deviations in Lead IV are of anterior myocardial in- 
farction.^® 

■ Less specific signs of posterior myocardial infarction in EV leads, 
such as inversion of T Avhile QES and QEST remain essentially normal, 
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might occur ■vvitli equal frequenc.y in other types of myocardial disease, 
or in cases in which the infarct is small ; however, if these changes sug- 
gest a localized myocardial lesion, they may be an aid in reaching a 
correct interpretation^^ of the observed variations. 

Some of the factors which were found to modify or produce abnormal 
QES waves in EY leads were liaving the patient upright while record- 
ing, mai’ked enlargement of the left auricle (not described in this 
paper), left axis deviation (Pig. 13, H. H.), intraventricular block with 
a short P-R interval (Pig. 13, T. B.), and marked left ventricular 
hypertrophy (Pig. 13, P. G.). Some of the factor’s which were found 
to modifjq and tended simultaneouslj'’ to invert, the T waves of the EY 
lead and Lead lY (Y 4 -Y(i) were extensive infarction, probably involv- 
ing the posterior and lateral walls (Pig. 4, L. B., and Pig. 6, H. A.), 
multiple infarctions (not described in this paper), left ventricular en- 
largement caused by various diseases, such as hj’^pertension (Pig. 14, 
S. L. and S. E.), left bundle branch block (Pig. 14, A. G.), aortic stenosis 
(Pig. 14, B. S.) and toxic or nutritional diseases of the myocardium 
(Pig. 14, J. ^Y. and K. Y.). 

Our ability to differentiate myocardial lesions accurately is increased 
by the use of multiple preeordial and multiple esophageal leads in con- 
junction with the standard leads, together with a knowledge of the clin- 
ical phenomena in a given ease. Until the technique is much improved, 
roentgenkymography will be of little value in confirming a diagnosis 
of posterior mj'-oeardial infarction in the subacute or chronic stage of 
the disease. 

The EY lead is of greatest value in interpreting doubtful changes in 
QRS3, and occasionally in QRS2, as illustrated in L. B. (Pig. 4, Feb. 
23, 1940), P. N. (Pig. S, 1934, 1936, and 1939), 0. S. (Pig. 9, Dec, 8, 
1939), N. K. (Fig. 10, 1935, 1939), and H. R. (Pig. 12, 1933, and Pig. 
11, 1938). In each of these instances positive information concerning 
the presence of posterior myocardial disease was obtained by the EY 
lead. 

The greatest value of the EA lead is in the study of auricular ar- 
rhythmias, as shown by Brown,® in 1936, and more recently by Nyboer 
and Hamilton.^® The presence or absence of auricular intrinsic deflec- 
tions in the P waves of juxta-auricular leads from the esophagus has 
been a valuable index of the anatomic relation of tlie electrode to the 
posterior part of the heart, and has made it possible to ascertain with 
greater aceuraey the potentials of ventricular levels in normal subjects 
and patients udth heart disease. Although the QRST complexes from 
the esophageal auricular leads in normal subjects have fixed patterns, 
the interpretation of abnormalities in these leads is still very difficult. 
In the cases reported herein, the T Avave in EA leads Avas inverted, 
diphasic, upright, or nearly isoelectric in various forms of myocardial 
disease ; hoAveA-er, the normal T AA'aA’es in EA leads were inverted (Pig. 
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1). At present, the cause and significance of the major changes in the 
form of the QKST complexes of the esophageal auricular electrocardio- 
grams are not fully understood. 

SUMMARY 

1. The standard leads, a selected precordial lead (IV), and selected 
esophageal leads from the ventricular (EV) and auricular (EA) levels 
ivere taken on four normal subjects, in one case of anterior infarction, 
and in ten cases of posterior myocardial infarction. 

2. Similar studies Avere made on ten otlier patients Avho had a his- 
toi’y) physical signs, or something else to suggest myocardial disease, in 
order to differentiate the abnormalities Avliich they presented from the 
more specific electrocardiographic indications of coronary occlusion. 

3. Study of two t 3 "pical cases of posterior mjmeardial infarction bj^ 
means of the roentgenk^nnograpli ^fielded no information. 

4. The esophageal ventricular electrocardiograms v4neh were char- 
acteristic of posterior mjmeardial infarction closelj^ resembled precordial 
electrocardiograms Avliieh v^ere cliaracteristic of anterior mjmeardial 
infarction, and Afiee A'^ersa. 

5. In some cases in AA^hich the standard lead electrocardiograms Avere 
equivocal, a definite diagnosis of posterior mjmeardial infarction Avas 
made by means of the esophageal juxtaventrieular leads. 

6. The ventricular complex of the esophageal juxta-auricular electro- 
cardiogram Avas often found to be altered in cases of m^mcardial disease. 

CONCLUSION 

Our loioAAdedge of the complex electrical field of the heart aaoII never 
be complete until the diseases of tlie human m.Amcardium are studied bj'' 
indirect electrical explorations of the posterior, lateral, and anterior 
Avails of the ventricles and of the right and left auricles, as Avell as bj'^ 
the standard lead electrocardiogram. Specific and helpful laioAAdedge 
regarding the form of the electrocardiogram oi^posite the ventricle poste- 
riorly was obtained Avith an esojihageal lead in manj^ cases of posterior 
mjmeardial infarction, AA^iether acute or chronic. 

I wish to express my appreciation to Dr. Robert H. Halsey, Dr. Charles A. 
Poindexter, and Dr. Charles E. Kossmann for their helpful criticism in the prep- 
aration of tliis paper and to Marcella F. Hughes, Beatrice Tanney, and Alice Hughes 
for their personal assistance in this problem. 
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OBJECTIVE EVIDENCE OP THE EFFICACY OP MEDICINAL 
THERAPY IN ANGINA PECTORIS 

A. Stone Peeedberg, M.D., Joseph E. P. Riseman, M.D., and 

EmviN D. Spiegl, ]\I.D. 

Boston, Mass. 

TN THE treatment of patients with angina pectoris some form of 

medication is usually prescribed, but in the selection of such drugs 
the physician must rely either on clinical impressions of their thera- 
peutic value or on the unsupported claims of the manufacturers. Many 
attempts to prove the value of medication have been made, but there 
has been little objective evidence of therapeutic action. As a result, 
the Council of Pharmacy and Chemistry of the American Medical Asso- 
ciation, in 1937,^ in reviewing the claims for tlie therapeutic efficacy of 
xanthine derivatives, reversed their decision of 1930,=^ and “decided 
that there is no v^arrant for claims of efficacy as a dilator of tlie coronary 
arteries or of usefulness in overcoming pain in coronarj’- occlusion or 
angina pectoris.” The purpose of the present investigation is to re- 
view the literature and present objective evidence of the pharmaco- 
djuiamic action of drugs under conditions comparable to those eom- 
monty used in the treatment of angina pectoris. 

REVIEW OF THE LITERATURE 

Exi^erivients on Laboratory Animals 

Experiments on laboratoiy animals have been carried out to ascer- 
tain the effect of drugs on the coronary arterial blood flow (Table I). 
Such studies include measurements of the caliber of isolated arterial 
rings, and measurements of the coronary blood flow in isolated, per- 
fused hearts, in heart-lung preparations, and in intact animals (as 
indicated bj'' a stromuhr or bj’" the venous return through the coronary 
sinus). Despite unavoidable differences in technique and differences 
in the animals used, the results are extraordinarily consistent and indi- 
cate that the nitrites and purines cause Coronary vasodilatation and an 
increased coronary blood flow, and that digitalis usually has the op- 
posite effect. There are definite objections to these studies, however, for 
the results obtained under artificial conditions in normal animals are 
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not necessarily applicable to coronary arterj’" disease in man; further- 
more, it is difficult to ascertain whether the concentrations of the drugs 
used in these experiments were comparable to what might be present 
in the circulating blood of patients taking such drugs. 

The effect of drugs on the collateral circulation has been studied after 
experimental occlusion of a main coronary artery, but conflicting re- 
sults have been obtained (Table I). The pathologic anatomy and 
]fliysiology of acute experimental coronary occlusion are not comparable, 
however, to those of angina pectoris as it is seen clinically. As Schles- 
ingcr, Blumgart, and their coworkers^’ ^ have shovm, an anastomotic 
circulation may not develop following acute coronary occlusion, whereas 
the hearts of the patients with angina pectoris possess a rich, function- 
ing collateral circulation, presumably as a result of chronic narroioing 
of the main coronary arteries. 

Studies 011 Patients With Angina Pectoris 

Clinical Ohservations and Imjyressions . — The number of clinical re- 
ports which indicate that the purines are of value in the treatment of 
angina pectoris is too large to list; certain results and methods of 
study, however, deserve mention. Askanazy® administered theobromine 
sodium salicylate to patients for three weeks, alternating with similar 
periods without medication. His results may be translated as follows : 
“AVith tlie certainty (Sieherheit) of an experiment the attacks disap- 
peared at once, or very soon after the admini.stration of theobromine, and 
recurred as soon as the drug was stopped.” Gilbert and Kerr® obtained 
similar results with tlicobromine sodium acetate in thirty-seven of sixty- 
nine patients ; twenty showed no response to tliis drug. Smith, Rathe, 
and Paul,’’ using theopliyllinc, found “that in a fairly large percentage 
favorable results were shown .... increases in dosage helped patients 
in whom the results of the medication had been in doubt.” 

Controlled Clinical Ohservations. — ^In 1933, Evans and Hoyle® re- 
ported tlie results of two and one-half years of observation on ninety 
patients with angina who were given various types of medication al- 
ternating witli a placebo, and who kept a careful record of their attacks. 
Tliey found “that a measure of improvement appears to result from 
every remedy tried, and at lea.st as great an improvement appears 
during treatment Avith ]flacebo .... Ave have been unable to convince 
ourselves that any drug tested is Avorthy of trial in the routine treat- 
ment of the disease.” Master, et al.,®- and Gold, KavR, and Otto^" 
corroborated these observations; the latter stated “that patients AAi+.h 
cardiac pain are unable to distinguish the effects of a placebo from those 
of a xanthine Avhen measures are taken to preclude the identification of 
the agent by any means otlier than the relief of pain. It is concluded 
that the xanthines exert no .specific action Avhieh is useful in the routine 
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treatment of cardiac pain.” Massell,^- using a similar technique for 
the relief of angina pectoris, found, however, that “the xanthines used, 
especially theocalcin, offer a better chance for tlie relief of angina pec- 
toris in the ratio of 2 to 1 tlian aspirin, sodium bicarbonate, phenohar- 
bital, or a combination of the latter two.” 

Objective Studies on Patients Mnth Angina Pectoris. — Riseman and 
Brown, in a similar study, concluded : “ it is obviously impossible 
to estimate liow much of tlie aiiparent improvement was due to medica- 
tion. ” They therefore measured tlie amount of work which patients 
could do following the administration of drugs and placebos. They 
found that “patients whose treatment consisted of lactose, sodium 
bicarbonate, potassium iodide, or tissue extract were unable to perform 
any more work than Avas possible Avithout medication. . . AAdiereas 
“one-half of the patients A\’ere benefited by using aminophj’Uin or 
quinidine sulfate.” The value of nitroglycerin, erythrol tetranitrate, 
and atropine sulfate Avas demonstrated in a similar fashion. Wayne 
and Laplace,^’ using a similar method, obtained similar results AAUth 
nitroglycerin, erythi'ol tetranitrate, and amino 2 )hyl]in intravenously. 
MissaP® and Kisch^" also found that nitroglycerin and xanthine deriva- 
tives increased the exercise tolerance of patients Avitli angina pectoris. 
Proger, Minnich, and Magendant?:'® found that “tlie abolition of cardiac 
irregularities by the use of quinidine sulfate resulted in a striking in- 
crease in the capacity for Avork Avithout pain.” 

In 1932, Goldhammer and Scherf’® shoAved that electrocardiograms 
taken during attacks of angina induced b,y deep laiee bending revealed 
changes in the S-T segment and the T AA'aAm. These changes could be 
prevented and the amount of AA'ork performed cotild be increased by the 
administration of atropine sulfate before the onset of Avork. Larsen,^® 
in 1938, found that the administration of nitroglycerin did not prevent 
the electrocardiographic changes AA'hich Avere induced by anoxia in pa- 
tients Avith angina pectoris. Raab and Schonbrunner,'^ in 1939, found 
that the electrocardiograms of ten of fifteen patients Avith “an electro- 
cardiogram of hypoxia ’i' at rest or duidng exercise shoAved a tendency 
to become normal after roentgen irradiation of the adrenals. Levy, 
Bruenn, and Williams, in 1939, found that the administration of 
aminophyllin and nitroglycerin before breathing an atmosphere contain- 
ing 10 per cent oxygen prolonged the time necessary to induce pain, 
and resulted in less change in the RS-T segments than was observed 
folloAving lactose or no medication. When given intravenously, amino- 
phyllin was more effective than nitroglycerin. 

A survey of the literaiure on electrocardiographic changes during 
attacks of angina pectoris sIioaa^s a marked difference of opinion gs to 
the frequency and character of such changes.^'* This is probably due to 
differences in technique and different time relationships betAA^een the 
occurrence of pain and the recording of the electrocardiogram. Rise- 
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man, Waller, and Bro^ra,-" who took electrocardiograms contimioushj 
during exercise and during anoxia, have shown that the most constant 
change is a deviation (usually a depression) of tlie S-T segment in tlie 
precordial lead; this occurs before the onset of pain and disappears 
shortly after cessation of pain. Changes in the T wave were more 
common during recovery than during the attack. These investigators 
also found that the electrocardiographic changes induced by exertion 
could be prevented by the inhalation of pure oxygen before and during 
the exercise. 

jMethods of study 

Fifteen patients (fourteen men and one woman) with angina pectoris were 
studied. The youngest patient was 39 years of age; twelve were more than 50; tlie 
oldest was 56. The patients had been observed in a special clinic at weekly intervals 
for periods of one and one-half to seven years. A.t each visit the number of attacks 
experienced during the previous week was reported, and the amount of work neces- 
sarj' to induce pain was measured under standardized conditions. 2-1 All tests were 
carried out in a room maintained at a temperature of 45 to 55° F., approximately 
one hour after a light breakfast, and following at least one-half hour of rest after 
coming to the clinic; no tests were made if pain had been experienced on the way 
to the hospital; only one test was perfonned on any day. The exercise consisted 
of repeatedly mounting and descending a two-step staircase under the above condi- 
tions until the onset of pain. 

On several visits electrodes were attached to both arms below the insertion of the 
deltoid muscles and also to the precordium over the cardiac apex. A precovdial lead 
(IV E) was taken with the patient standing at re.st; tlie exercise test was then re- 
peated under the same standardized conditions, with the electrodes in place and the 
electrocardiographic machine (but not the camera) running continuously. Immedi- 
arely before the cessation of exercise the camera was started, and a tracing was 
obtained for at least fifteen seconds after the onset of the attack; additional tracings 
were taken at one-minute intervals for five minutes after the cessation of pain. 

After these studies were completed, drugs were administered in the usual thera- 
peutic doses, and after an appropriate interval the exercise and electrocardiographic 
studies were repeated on at least two different days in an identical fashion. 

■ The tests with nitroglycerin were carried out two minutes after the administra- 
tion of a single dose (0.3 mg.). No other medication was administered for one week 
prior to these tests. 

In the studies of theobromine sodium acetate, enteric-coated tablets (0.5 Gm.) 
were administered four times daily (on arising, after lunch, after supper, and before 
retiring) for one week; on arrhdng at the laboratory an additional dose (0.5 Gm.) 
of uncoated tlieobromine sodium acetate was administered. One to two hours later 
the electrocardiogram during exercise was obtained in the usual manner. Enteric- 
coated tablets of lactose, which were identical in appearance with the purine tablets, 
u ere used for control experiments ; these were administered in the same manner 
and the tests carried out in an identical fashion. 

The tests with quinidine sulfate were carried out after administering 0.3 Gm. 
of the drug four times daily for one week, with an additional dose one to two 
hours before the exercise and eleetrocardiograidiic tests. The inert substance used 
as a control for those studies was tablets of sodium bicarbonate (0.3 Gm.), which 
resembled the quinidine in appearance. ’ 

SUidios on digitalis were performed in a somewhat different manner. Electro- 
cardiograms were taken according to the technique described above, except that one 
prccordial (R- E) and three standard leads were taken coniimioushj before, during. 
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and after the exercise on four different days, during which period the patient re- 
ceived no medication. Tablets of digitalis leaf were then administered; 0.1 Gm. (1 
cat unit) was given four times the first day and three times daily thereafter in an 
attempt to administer a full digitalizing dose according to the weight method of 
Eggleston.2G All three patients, however, discontinued the medication, because of 
marked increase of pain, before receiving tliis calculated dose. The three patients 
weighed 140, 165, and 170 pounds, and received 1.4 Gm., 1.4 Gm., and 1.6 Gm., re- 
spectively, in a period of five days. Each patient returned to the clinic daily, at 
which time he reported the number of attacks he had experienced, and a four-lead 
electrocardiogram was obtained with the patient standing at rest. Exercise tests, 
using Lead IV B, were performed, in the manner described above, on two patients 
after the maximum degree of digitalization had been obtained, and, in the third 
subject, four days after digitalis was discontinued. 

In tlie study of the electrocardiographic changes, ten consecutive complexes were 
measured and averaged. The terminal portion of the P-B inter^ml was taken as the 
isoelectric level. 

RESULTS 

The amount of exercise necessary to produce pain was relatively con- 
stant (within six trips) for each of the fifteen patients. Immediately 
after the onset of pain caused bj’- exercise, the electrocardiograms of 
all but one subject showed a depression of the S-T segment of 1 to 4 
mm., as compared with the tracing taken at rest; the degree of depres- 
sion was constant for each patient. The results after the administra- 
tion of lactose or sodium bicarbonate were identical with those obtained 
when no medication was given. There was no correlation between the 
degree of depression of the S-T segment and the amount of work neces- 
sary to produce pain. Changes in the P, QRS, and T waves were in- 
constant and of little importance in these studies. There was nothing 
significant about the electrocardiogram during recovery from exercise 
and pain, except after the administration of digitalis. 

The patients could be divided into tliree groups, according to their 
response to medication. The patients in Group I, after medication, 
showed little or no depression of the S-T segment as a result of exercise, 
and were able to do over 50 per cent more work than was possible when 
thej’- were not taking drugs. Those in Group II, after medication, 
showed less depression of the S-T segment after exercise, and were able 
to do more work than was previously possible; these patients, however, 
showed some depression of the S-T segment after exercise, and developed 
pain when they performed 50 per cent more Avork than was possible 
when they^ were not taking drugs. The patients in Groi^p III Avere not 
benefited by medication; after exercise they shoAved essentially the same 
changes in the S-T segment and Avere able to do no more Avork than 
Avas possible Avithout medication. In general, Avhen no medication Avas 
taken, the patients in Group I shoAA’-ed less depression of the S-T seg- 
ment after exercise than did those in Group II or III. 

Results With Nitroglycerin 

The effect of nitroglycerin AA^as studied on thirteen patients (Table II). 
Nine patients shoAA^ed a marked response (Group I) (Fig. 1). In this 
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group the average depression of the S-T segment without medication 
was 2.1 mm. After the administration of nitroglj^cerin (0.3 mg.), the 
amount of work which previously induced pain caused an average de- 
pression of the S-T segment of onlj'- 0.2 mm., and no pain was expe- 
rienced. 

Two patients showed a moderate response to nitroglycerin (Group II). 
When no medication was taken, exercise sufficient to induce pain caused 
an average S-T depression of 3.1 mm. After medication, both patients 
performed 50 per cent more work before developing pain; the average 
depression of the S-T segment after this increased amount of work was 
2.2 mm. 

The remaining two patients shoived no response (Group III); after 
exercise, approximatel.y the same depression of the S-T segment oc- 
curred, both with and without medication. One was not benefited in 
anj^ way by the drug (Fig. 2); the other was able to do more work 
than when nitrogl.yeerin was not taken. 


BEFORE 

EXERCISE 


AFTER 
50 TRIPS 

, PAIN INDUCED 




Els'. 2. — No response to medication (Group HI), as illustrated by results on Patient 
B. A. AVhen no medication was administered, fifty trips caused pain and an average 
depression of the initial portion of the S-T segment of 4.0 mm. The .same results 
were obtained after the administration of nitroglycerin, theobromine sodium acetate, 
and quinidine sulfate. 


Results With Theobromine Sodium Acetate 

The effect of theobromine sodium acetate was studied on thirteen 
patients (Table III). Four showed a marked response to the drug 
(Group I). They were able to do at least 50 per cent more work before 
developing pain; the average depression of the S-T segment after exer- 
cise in these eases was 1.7 mm. before medication and 0.1 mm. after 
medication (Fig. 3). 

Group II consisted of seven patients who did not develop angina on 
performing the same amount of exercise that produced pain when no 
medication was taken. The average S-T segment depression after exer- 
cise was 2.6 mm. when no drug Avas taken and 1.7 mm. after medication. 

The remaining two patients (Group III) AA^ere luiable to do more 
Avork after medication, and shoAved the same depression of the S-T seg- 
ment that they had when no diTig Avas taken (Fig. 2). 
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TABIiK III 

OnjKCT’ivK Evidka-ce ok the Efficacy of Theobeomine Sodium Acetate ik 
Patiekts Wmi Axgina Pectouis 
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Table TV 

Objective Evidence op the Efficacy op Quinidine Sulfate in Patients With 

Angina Pectoris 


patient 

NO MEDICATION** 

QUINIDINE SULFATE 

NO INCREASE} 

IN tVORK; 

50% INCREASE} 
IN WORK 

100% INCREASE} 
IN WORK 

NO. OF 

TRIPS 

S-T 

SEG- 

MENT 

DEPRES- 

SION 

(mm.) 

NO. OF 
TRIPS 

S-T 

SEG- 

MENT 

DEPRES- 

SION 

(mm.) 

NO. OP 
TRIPS 

S-T 

SEG- 

MENT 

DEPRES- 

SION 

(MM.) 

NO. OP 
TRIPS 

S-T 

SEG- 

MENT 

DEPRES- 

SION 

(MM.) 

Group I. S-T Changes Dimimshed Markedly Followmg Medication 

M. L. 

40 

1.8 

40 1 

0.0 

60 

0.5 



H. Shr. 

22 

1.5 

22 1 

0.0 

* 


40 1 

0.8 

S. L. 

26 

1.5 

20t 

0.5 

40* 

1.2 



E.C. 

26 

1.0 

26f 

i 0.0 

* 

1 


47 

1.0 


Group II. S-T Changes Diminished Moderately Following Medication 


M. B. 

36 

3.0' 

36t 

1.6 



S. E. 

27 

2.7 

27 1 

1.0 

39tt 

1.5 

S.R. 

51 

2.7 

51t 

1.3 

64tt 

1.5 

H. Shi. 

54 

2.5 

54 1 

1.0 

64tt 

1.3 

P.E. 

49 

3.5 

47 

2.0 




Group III. S-T Changes Not Prevented hy Medication 


L. W. 

36 

2.7 

36t 

2.7 

S. W. 

38 

1.7 

38 f 

2.3 

B. A. 

50 

4.0 

50 

3.5 


*No pain on performing 50 per cent more work than was possible when no med- 
ication was taken. 

tNo attack of angina induced. 

JNo pain — patient stopped because of fatigue before performing 50 per cent more 
work than was possible when no medication was taken. 

§ Increase in work as compared with the amount necessarj’- to induce pain when 
no medication was given. 

* ‘Exercise was continued until attack was produced. 


NO 

MEDICATION QUINIDINE SULFATE 

BEFORE 
EXERCISE 


AFTER 
EXERCISE 

51 TRIPS 51 TRIPS 64 TRIPS 

PAIN . NO PAIN NO PAIN 



Fig. 4. — Moderate response to quinidine sulfate (Groim II), as 
on Patient S. B. When no medication was administered, fifty-one trips over the tw^ 
step staircase induced an attack of angina_ and caused a depression or 
segment of 2.7 mm. After the administration of quinidine sulfat^ an increased 
amount of work caused no pain and only 1.5 mm. depression of the S-1 segment. 
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Eesults With Quimdinc Sulfate 

The effect of quinidine sulfate was studied on twelve patients (Table 
IV). Four showed a marked response, five, a moderate response, and 
three, no response. After exercise the average depression of the S-T 
segment of subjects in Group I was 1.5 mm. when no medication was 
taken, and 0.1 mm. after quinidine therapy. In Group II the average 
depression without medication was 2.9 mm., and, following medication, 
1.4 mm. (Fig. 4). The average depression of the S-T segment of 
patients in Group III Avas 2.8 mm. Avhen no medication Avas taken, and 
2.8 mm. after the administration of the drug (Fig. 2). 

After the administration of quinidine sulfate the electrocardiograms 
uniformly shoAved a prolongation of electrical sj'stole (as measured from 
the beginning of the Q to the end of the T waves). This phenomenon 
lias been recognized for some time.^"'*® The beneficial effects of quini- 
dine Avere not dependent on this phenomenon, hoAvever, for prolonga- 
tion of the Q-T interval occurred to the same degree in all patients 
(Figs. 2 and 4), irrespective of an increased ability to exercise after 
takmg the drug. 


ELECTROCARDIOGRAPHIC. RESPONSE TO EXERCISE 


BEFORE 

EXERCISE 

Z6 TRIPS 

<?0 TRIPS 


ANGINA ATTACK 


3 MINUTES 
AFTER EXERCISE' 


NO MEDICATION 
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yi 'i--; 


If y wrf 



1 1 Saul M < • >1 * 


AFTER DIGITALIS 
LEAD 4R 







STANDING 
AT REST 


ELECTROCARDIOGRAPHIC RESPONSE TO DIGITALIS 





Fip. 5.— Patient M. L. Electrocardiographic response to digitalis and to exercise before 
ana after the administration of dig-italis. 


Eesults With Digitalis 

Studies on digitalis Avere discontinued because all three patients de- 
veloped a marked increase in the frequency and the severity of their 
attacks of angina in daily life. After the administration of digitalis. 
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less work could be performed under standardized conditions before 
pain developed, and the electrocardiographic changes under such con- 
ditions were much more marked than those which occurred when no 
medication was given. Furthermore, following digitalis, the eleetro- 
caidiogiam with the patient standing at rest showed changes similar to 
those observed after exercise when no medication was given. 
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Patient INI. L. (Pig. 5) usually experienced one to two attacks each 
week, and his exercise tolerance w'as approximately forty trips. Be- 
ginning with the second day of digitalis therapy (after he had re- 
ceived 0.6 Gm.), he experienced several attacks of pain daily and com- 
plained of a constant sense of substernal pressure. He refused to eon- 
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"timie digitalis therapy after taking 1.4 Gm. in five days, and, at that 
time, on performing twenty-six trips, he developed an attack more 
severe and about twice as long as tisnal. Before medication, exercise 
caused a definite depression of the S-T segment in Leads I, II, and 
IV, hut Lead III showed few changes. After digitalis. Lead I, taken 



\uUi Uic patient standing at rest, teas similar to Load I immediately 
aLer llic eessat.on oil exercise tvlien no medication tvas given; Lead 

n ami' m i"’ ‘“t ' '■'■d Leads 

and III showed no signiticant cinmges. After digitalis the electro. 

eard.ograplne elu.nges induced by twentysix trips were greater Ln 

those observed after forty trips when no medication was given. 
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Patient N. B. (Fig. 6), during more than one and one-half years of 
observation, always developed an attack of one and one-half minutes’ 
duration after eleven trips; he had been experiencing one to three at- 
tacks daily. After approximately one-half the digitalizing dose had 
been administered (0.6 Gm. in two days), he experienced an increase 
in pain during dailj'’ life.- After receiving 1.4 Gm. of digitalis in five 
daj^s the most severe attack that he had ever experienced (three and 
one-half minutes in duration) was induced by nine trips. The electro- 
cardiographic changes during attacks induced by the small amomit of 
work which could be performed without medication were minimal, and, 
therefore, the electrocardiographic response to vasodilating drugs was 
not studied. After the administration of digitalis the electrocardiogram 
(with the patient standing at rest) also showed minimal changes, except 
for a slight concavity in the S-T segment of Lead IV. Exercise after 
digitalis, however, produced marked changes, especially in the S-T seg- 
ment of Lead IVR. 

Patient H. B. ’s reaction to vasodilating drugs was not studied because 
his attacks occurred rarely (less than once a week). Beginning with 
the third day of digitalis (1.0 Gm.) therapy, he experienced several 
attacks of pain dailjL After exercise (Pig. 7), when no medication 
was given. Leads II and III showed little change, but in Leads I and 
IV there was a depression of the first portion of the S-T segment (1.5 
and 2.8, respectively). After digitalis, with the patient standing at 
rest, similar though less striking changes were obseiwed. Because of 
the marked increase in pain, exercise with electrocardiographic studies 
was not performed until four da.ys after digitalis had been discontinued. 
At this time no pain was produced by the usual amount of exercise 
(seventy-eight trips); the test was stopped because of the marked elec- 
trocardiographic changes. 

COMMENT 

It is apparent from the above studies that the administration of 
nitroglycerin, theobromine sodium acetate, or quinidine sulfate enables 
some patients with angina pectoris to do a measurably greater amount 
of work under standardized conditions, and, at the same time, prevents 
the changes in the S-T segment which result from exercise; the admin- 
istration of inert drugs has no such effect. The administration of digi- 
talis to some patients with angina pectoris results in an increased fre- 
quency of attacks in daily life, a decrease in the amount of work which 
can be performed under standardized conditions, an increase in elec- 
trocardiographic changes following exertion, and changes in the electro- 
cardiogram (taken with the patient standing at rest) similar to those 
observed after exercise without medication. These results show that the 
administration of nitroglycerin, theobromine sodium acetate, or quini- 
dine sulfate in the dosage and manner customarily employed in the 



FREEDBERG ET AL. : THERAPY IX ANGIXA PECTORIS 511 

treatment of such patients is of definite therapeutic value, whereas the 
administration of digitalis is harmful to some patients with angina 
pectoris. 

These conclusions are in accord with the clinical experience of gen- 
erations of physicians and patients, with the vast hulk of experimental 
evidence obtained on laboratory animals, and also with the objective 
electrocardiographic studies of Goldlrammer and Scherf^® and Levy, 
Bruenri, and 'Williams’-’ on patients with coronary artery disease, 
and with those of ZwiUinger®® on noimial young subjects. 

The present studies differ from previous investigations in that the 
conditions of the experiments resemble eloselj’' the clinical conditions 
under which attacks of angina pectoris occur in man; the drugs were 
administered to patients with angina in the customary therapeutic man- 
ner and dosage; the use of exei'cise to precipitate angina reproduces 
the conditions which induce attacks in daily life; and the electrocardio- 
grajihic changes closely resemble those which occur consistently during 
attacks of angina pectoris. 

The results and conclusions of the pi'esent investigation are not in 
accord with the careful clinical studies of Evans and Hoyle® and Gold, 
Kwit, and Otto.^^ The experiments of these investigators were con- 
trolled so carefully that the results cannot be dismissed unless adequate 
reason can be found for the discrepancy between their results and those 
of practically all other investigators. There is reason to believe that 
this diserepanej’ is due to the difficulties of evaluating the results of 
therapy in anghia by purely clinical or subjective methods. In the last 
analysis, all such clinical evaluation depends on the ability of the patient 
and the investigator to differentiate between improvement resulting 
from medication and apparent improvement unrelated to therapy. It 
is not unusual for untreated patients to be free of pain for many days, 
and we have observed spontaneous remissions of a month or longer. 
IMany factors, which are difficult to recognize, may cause this apparent 
improvement; these include a decrease in physical or emotional activity, 
a rise in the prevailing temperature, smaller and more digestible meals, 
and the beneficial psychologic effect of sympathetic medical supervision. 
Statistical clinical evaluation of the efficacy of treatment is further 
complicated by the fact that a large percentage (probably between 30 
and 40 per cent) of patients with angina pectoris do not respond to any 
of the drags in use today, and that the frequency of their attacks may 
vary spontaneously during investigation. 

It was because of these difficulties that measurements of the patients’ 
alnlity to exercise luider standardized conditions were resorted to in 
these and previous studies."®- The results of these measure- 

ments agree closely with the clinical response to therapy and are of 
considerable aid in differentiating between real and apparent improve- 
ment. Patients who are able to perform an appreciably greater amount 
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of exercise after medication usually experience a marked decrease in the 
frequency of attacks of pain in daily life; investigation of the daily 
routine of patients who show similar clinical imjirovement without an 
increased exercise tolerance usually reveals causes other than medication 
for the apparent improvement. 

The methods used in this stud.y are of considerable practical import, 
klany drugs have been placed on the -market for the treatment of angina 
pectoris without adequate evidence of their efficacy. It is self-evident 
that the administration of inert or harmful drugs to patients with an- 
gina is dangerous and should be avoided by both the medical profession 
and the pharmaceutical houses. The simplicity of the methods used in 
this study, together with the direct clinical applicability of their results, 
suggests the advisability of requiring similar biologic assays of all drugs 
advocated for use in the treatment of angina pectoris. 

The. present and previous reports^’ indicate that an eval- 

uation of the efficacy of medication in the treatment of angina pectoris 
should include (1) the incidence and degree of beneficial effects (meas- 
ured by the patient ’s ability to perform work under standardized condi- 
tions after administration of the drug in the dosage and manner usually 
employed in the treatment of angina pectoris), (2) adequate control 
studies (carried out in a fashion identical with the above, using both 
disguised medication and inert preparations of similar appearance), 
(3) careful coni-parison of these results with the clinical response (as 
estimated bj^ the frequency of attacks in daily life while taking the 
drug, keeping in mind that apparent improvement may occur under 
medical supervision), (4) objective electrocardiographic studies on pa- 
tients, to confirm these res^ilts (these objective studies should include 
the prevention of S-T segment changes associated Avith an increased abil- 
ity to perform Avork in patients Avho are benefited by the drug, and the 
persistence of such S-T changes in patients aa'Iio cannot increase their 
exercise tolerance after medication. Such objective electrocardiographic 
studies Avill reveal little if the action of the therapeutic agent depends 
on its analgesic properties, e.g., cobra A^enom or alcohol injection of the 
sensory patliAvays,®” (5) studies of the toxic effects of the drug and a 
determination of the optimal dose, and (6) compa/rison of the efficacy 
of the drug with that of other drugs (especially nitroglycerin) Avhich 
are commonly used in the treatment of angina pectoris. 

An illustration of the practical use of this method in the evaluation 
of octyl nitrite is being reported.^^ 

The results of the present investigation are in accord Avith the anoxe- 
mia theory of the production of angina attacks, and AAuth the experi- 
mental eAudence obtained on animals Avhich indicates that the nitrites 
and purines are coronary vasodilators, AAffiereas digitalis occasionally 
acts as a coronary vasoconstrictor. The deviation of the initial portion 
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of the S-T segment is niipiirently jiroclueed liy myoeiivdial nnoxiu, for it 
appears on breathing an atmosphere of low-oxygen content.,-'’ and can 
be prevented by breathing pure oxygen before and during exercise.-' 
Furtlicrmorc, these S-T clianges are (inalitatively, and frequently quan- 
titatively, similar to tho.se in clinical and experimental coronary arterial 
occlusion, when myocardial anoxia is known to exist. The ])revcntion 
of the S-T changes during exercise suggests, therefore, that the drug 
has a vasodilating action on the coronary arteries, whereas the develop- 
ment or accentuation of changes may indicate a vasoconstricting action. 
Since patients with angina pectoris of arteriosclerotic origin suffer pain 
during exercise becau.se of an inadeiiuate flow of oxygenated arterial 
blood, rather than because of any unusual degree of arterial oxygen 
unsaturation, it is not surprising that the administration of the vaso- 
dilating drugs is more effective than breathing pure oxygen in prevent- 
ing angina and the electrocardiographic changes induced by exercise. 

SUMMAKV AND CONCI.U.SIONS 

'When jiatients with angina jiectoris exercise under standardized con- 
ditions, the amount of work which can be done before pain is induced 
is relatively constant for eacli iienson. Precordial lead electrocardio- 
grams (IVR.) taken before and immcdialcli/ after exertion under tbese 
conditions show a change (usually a depression) in the level of the 
initial portion of the S-T segment, the magnitude of which is relatively 
constant for each subject. 

'When patients with angina pectoris are given nitroglycerin, theobro- 
mine sodium acetate, or quinidinc sulfate, in the dosage and in the 
manner frequently employed in the treatment of this eondition, many 
of the patients (more than one-half of the present scries) are able to 
do more work under standardized conditions before pain is induced and 
show strikingly less change in the electrocardiogram. This increase 
in exercise tolerance is accompanied by a corresponding decrease in the 
frequency of attacks in daily life. 

When the same patients are given lactose or sodium bicarbonate 
which has been disguised to resemble tbcobromine sodium acetate or 
(juinidinc sulfate, no increase in exercise tolerance occurs and the elec- 
trocardiographic changes are as great as when no medication is given. 
The clinical response to these inert drugs varies; apparent improvement 
may or may not occur, depending on conditions other than medication. 

When patients with angina pectoris arc given digitalis, an increase in 
the frequency and severity of cardiac pain sometimes occurs (in all 
three of the cases in the present .scries). This is accompanied by a de- 
crease in the amount of work which can be done under standardized 
conditions, an increase in the electrocardiographic changes induced by 
work, and the development of changes in the electrocardiogram while 
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the patient stands at rest which resemble, in manj^ respects, the elec- 
trocardiographic changes induced by exercise when no medication is 
taken. 

The methods used in this study afford an objective means of testing 
the efficacy of drugs which are used in the treatment of angina pectoris 
under conditions closely comparable to actual clinical conditions. The 
results obtained by these methods yield objective evidence that nitro- 
glycerin, theobromine sodium acetate, quinidine sulfate, and digitalis 
exert a specific effect on the heart. 
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OCTYL NITEITE ]N THE TEEA'BIENT 01-' ANCilNA PECTOIHS 

A. Stoxk Fkkkdukho, Euwix D. Si'ir.ch, ax\> 

Jo.sKPH E. F. ILsk.max, 1^1. D. 

Boston’, IHass. 

O CTYL nitrile (2-etliyl-n-hexyl-] -nitrile) is a licinid nitrite oi! one 
of the ]iip:Iicr nleoliols which, la’cansc of its A'olnlilily, can he ad- 
ministered by inlialation. Krajitz. Carr, and Forman,’ who first pre- 
])ared tJiis substance, slate lliat in laboratory animals it produces n fall 
in systemic blood jiressure and an increase in t!u^ coronary blood How; 
it dilates isolated coronary artery rinsis, and, in normal men, the in- 
halation of large doses (0.2 c.c. for one minute) produces a moderate 
fall in blood pressure, togetiier with a moderate increase in heart rale. 
As a result of their studie.s, the invc.stigators concluded, '‘Erniiloying 
cotton impregnated with octyl nitrite, the comjiound lends itself to 
medication in an inhaler in the treatment of angina iicetoris, asthma, 
and paro.xysmal hyjierlension.” 

Although this drug has been available commercially for over a year, 
no objective studies of its efiieaey in the treatment of jiatients are on 
record. The imri)0se of the i)ve.sent communication is to ]n'esent objec- 
tive measurements of the advantages and disadvantages of the “oetrite 
inhaler” in the ti-eatment of patients witli angina i)ectoris. 

The methods used in this objective evaluation were })re.scnted in a 
previous communication,- and include (3) Tlie incidence and degree 
of beneficial effects, as measured by an inci'cased ability to perform 
work under standardized conditions aftei* administration of the drug 
in the dosage and manner usually employed in the treatment of angina 
pectoris, (2) adequate control .studies, carried out in an identical fashion 
with inert ])rcparations, (3) comparison of these results with the clin- 
ical response when the drug is used in daily life, (4) eleetrocardio- 
graphie studies on the same ])aticnls to confirm the results obtained 
by the other methods, (o) .studies of the toxic effects and optimal do.sage, 
and (G) comparison of these re.sults with those obtained Avith nitro- 
glycerin. 

AIATKKIAnS AXI) AIETIIOD.S 

The inhaler luhe.s* used in this study were uuulc of hrown glass approxiuiatolv 
3 inches in length, closed at each end l>y screw cups, l^nch tube wa.s filled willi 
pellets which were inipregnuled with a total of 2 c.c. of octyl nitrite. The 

the De- 

Recelveil for publication Feb. 21, 1941. 

♦Octrlte Inhalers were supplied by the Hynson. AVestcott. and Dunninfr Co. 

iilO 
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directions on the tube and on the package read as follows: "Octrite should be 
administered only under careful supervision of a physician. Inhaler should be 
applied to one nostril, the other being closed, until relief begins, according to the 
physician ’s directions. Remove both caps during use. ’ ’ 

The subjects used in this study were twenty patients (seventeen men and three 
women) with angina pectoris of arteriosclerotic origin. They were observed in a 
special clinic once each week for a period of at least six montlis. The response to 
medication was studied for at least two months. Each test was performed on at 
least two different occasions, but only one test was performed at any one visit. 

The optimumi dosage and the untoward effects of octyl nitrite were ascertained 
by having each subject inhale deeply one, two, or three times on separate days, and 
observing both the untoward and desirable effects. The character and severity 
of the untoward effects were ascertained by observation and by the patient’s de- 
scription of his reactions. The clinical efficacy' was measured immediately' after the 
inhalation in the manner described below. 

The efficacy of octyl nitrite in preventing attacks of angina pectoris on exertion 
was studied in twenty' patients by comparing the amount of work which could be 
performed after inhalation of the optimum dose of tlic drug witli that which could 
be done both when no medication was administered and also after inhalation of ethyl 
acetate from a similar tube. The work, in each instance, was done under constant, 
standardized conditions^ in a room kept at a temperature of 45 to 55° E., and con- 
sisted of repeatedly' mounting and descending a two-step staircase until pain de- 
veloped. 

The efficacy' of octyl nitrite was compared with that of nitroglycerin in nineteen 
of these patients. In these studies the amount of work which would be done after 
inhalation of octy'l nitrite was compared with that which could be performed two 
minutes after placing a tablet of grain of nitrogly’cerin under the tongue. 

Seventeen of these subjects were given octyl nitrite inlialers for home use. These 
patients were instructed to take tlie medication before any unusual physical or emo- 
tional strain. Once each week for eight to forty' weeks these patients reported on the 
elfect of the drug under these conditions. 

The efficacy of octyl nitiite in shortening the duration of attache of angina ijectoris 
was ascertained in twenty' patients by actual measurement in the laboratory, and 
also by' clinical evaluation in eighteen of these subjects who tested the inhaler at 
home. In the laboratory the duration of attacks of angina pectoris induced by 
exertion was measured on several different day's when no medication was taken. This 
w’as compared with the duration of attacks induced similarly' on other days and 
treated immediately' by the optimum number of inhalations of octyl nitrite. These 
results were also compared, in sixteen subjects, with the effect of placing nitro- 
glycerin under the tongue immediately' after inducing attacks by exertion. 

After each of these tests in the laboratory', and also after each week of trial 
at home, the patient’s evaluation of the efficacy' of the drug in stopping attacks 
was recorded. 

The duration of the effect of medication was studied by measuring on successive 
day's the amount of woik which could be performed at vary'ing intervals after in- 
haling the optimum dose of the drug. 

Electrocardiographic studies were canied out on nine patients according to a 
method previously described.^) ^ On at least two different occasions, electrodes were 
attached to both arms below the insertion of the deltoid muscles, and also to the 
precordium over the cardiac apex. A precordial lead (IVB) was taken with the 
patient standing at rest; the exercise test was then repeated with the electrodes in 
place and the electrocardiographic machine (but not the camera) running continu- 
ously. Immediately before the cessation of exercise, the camera was started and 
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a tracing was obtained for at least fifteen seconds after tlie onset of the attack; 
additional tracings were taken at one-niinutc intervals for live minutes after tlic 
cessation of pain. 

On two subsequent occasions, octyl nitrite (two inhalations) was administered 
two minutes before the onset of exercise. Electrocardiograms were taken as noted 
above. No other medication was administered during the week prior to these electro- 
c.ardiograpliic studies. 

In the study of the electrocardiographic change.s, ten consecutive complexes were 
measured and averaged; the P-11 interval was taken as the isoelectric level. 


RESULTS 

The efficacy of ociyl niiriic in preveniiny adachs of angina- pccioris 
on exertion (Fig. 1). — Inhalation of llic drug enabled fifteen of the 
twenty patients to do an appreciably greater amount of work before 
developing angina. Six of these patients were able to do at least 50 
per cent more work than wtis possible when they were not talcing the 
drug, and four of these six were able to exercise to the jioint. of fatigue 
without developing pain. 



E*E'. 1. — Tlic enicacy of octyl nitrite in preventing attacks of nnpina pectoris on 
exertion, compared with tlic cfllcacy of nitroBlycerin. Tiio increase in exercise toler- 
ance measures the frequency witli which admini.stration of druprs enabled patients to do 
more work under standardized conditions. The clinical response indicates tlio 
frequency with which the patients believed the druRT to be of value when used in their 
daiiy life. 


These results were similar to those obtained with nitroglycerin, except 
that the latter drug was somewhat more etfectivc; it enabled six of 
nineteen patients to exercise to the point of fatigue without angina. 

The five patients who were unable to do more work in the laboratory 
after taking the drug found the inhaler of no value in daily life. The 
remaining twelve of the seventeen patients who tested the drug at home 
reported that the inhaler was of definite value. 

The efficacy of ociyl nitrite in shortening the duration of attacks 
induced hy exertion (Fig. 2) was best shown by the six patients whose 
attacks without medication ivere longer than one minute in duration. 
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Five of these patients showed a 17 to 64 per cent decrease in the dura- 
tion of their attacks. These five patients also found that the drug 

was of value in shortening the duration of attacks experienced in daily 
life. 

Only one of fourteen jmtients with attacks wliich were ordinarily 
less than forty-five seconds in duration showed an appreciable -shorten- 
ing of the attaclvs as a result of taking octyl nitrite. Another of this 
gioup showed an increase in the duration of pain following therapy. 
Similar results were obtained with nitroglycerin in eleven patients. 


ATTACKS TREATED WJTH OCTYL NITRITE 


PATltNTS WITH ATTACKS SHOfiTER TWW 

45 secoNos 

PAHCNTlS 



CVALUATIQN 


PATlCNTS WITH attacks LOncCR THW 
£0 SCCOrOS 



O0S£RVTR*S CVALUATiON 



ATTACKS TREATED WITH NITROGLYCERW CR^ 

OeS£RvtR*S CVALUATtON 




• e • 



EiS- 2 . — The comparative efficacy of octj'l nitrite and nitroelycerin in decreasing 
the duration of attacks of angina pectoris. The patient’s evaluation Indicates the 
frequency with whicli patients believed tlie drug to be of value when used in daily 
life. The observer's evaluation indicates the frequency of changes in the duration of 
attacks as ascertained by actual measurement. 


Eight of twelve patients who tested octyl nitrite at home believe that 
the drug was of definite value in shortening the duration of the at- 
tacks. None of these patients believed that the medication prolonged 
the duration of pain. 

The optimum dosage and untoward effects of octyl nitrite were ascer- 
tained by studying fourteen patients (Fig. 3). The amount of the -drug 
which was absorbed could not be measured with any degree of certainty, 
for it varied with the depth of inspiration; accordinglj'-, the compara- 
tive effects of one, two, and three deep inhalations were studied. The 
optimum dose differed somewhat in different patients. In general, in- 
haling more than once increased the frequency and the severity of 
untoward reactions without increasing significantly the amount of work 
which could be performed. The optimum dosage for most patients was, 
therefore, one deep inhalation, or less. 

The untoward effects of octyl nitrite became evident approximately 
thirty seconds after the inhalation of the drug. First, there was a 
definite flushing of the face, and the patient experienced a sense of 



FREEDBERG ET AL. : TREATMENT OF ANGINA PECTORIS 


523 


warmth, together with a fullness and pounding in the head. Aftei one 
to four minutes this pounding increased and was accompanied by seveie 
headache and dizziness. After the larger doses the patient frequently 
became pale, perspired freely, and complained of weakness and faint- 
ness which were so severe in some instances that the patient was forced 
to lie down. This marked reaction never occurred after one inhalation; 
it was seen in only one instance after two inhalations and was observed 
in four cases after three inhalations. One other patient, not included 


OPTIMAL DOSAGE OF OCTYL NITRITE 

UNTOWARD EFFECTS BENEFICIAL EFFECTS 

ONE INHALATION 







TWO inhalations 



LL'.-L'- 


dll-TjUiLrithM 



THREE inhalations 




NUH9CR V PATICMTS 


□ INCRCISC IN EXERCISE TDLERAnCE 0<Z0^ 
WCBEASt W EXERCISE TOl.E«##«Ct W-SOi 

RCREXSC H EXERCISE TOLERANCE + 




Pig. 3. — The optimal dosage of octyl nitrite. 


in Fig. 3, took six inhalations in twenty-three seconds, was able to 
exercise for approximately one minute, and then collapsed. He com- 
plained of marked weakness, dizziness, and faintness. He appeared 
pale, perspired freely, and showed a marked fall in blood pressure, all 
of which persisted for approximately one-half hour. Three days later 
this patient was admitted to the hospital because of mjmcardial in- 
farction, from which he recovered without complication. It is question- 
able whether this infarction was related in any way to the large dose 
of the drug which he absorbed; however, previous clinical reports®’ ® 
have pointed out the harmful effects which may be induced by over- 
doses of nitroglycerin. Furthermore, Blumgart, Schlesinger, and ZolF 
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have shown that shock, with its attendant fall in blood pressure may 
cause fresh coronai’y occlusion. ^ 

The duration of action of octyl nitrite was measured on three patients 
(Fig. 4). ^ One subject was enabled to perform more work for at least 
twenty minutes after one inhalation, and another had an increased 
exercise tolerance for eight minutes. The third patient received no 
benefit from the drug. It is evident, therefore, that the duration of the 
action of octyl nitrite (like that of nitroglycerin) differs in different 
patients. 



Fig. 4. — The duration of action of octyl nitrite. 


Table I 


Objective Evidence of the Epficact of Octyl Nitrite in Patients With 

Angina Peotokis 


PATIENT 

NO MEDICATION** 

1 

1 octyuj nitrite 

1 

NO INCREASE IN WORK§ 

50% INCREASE IN 
WORK? 

NO. OF 
TRIPS 

1 S-T SEGMENT 
DEPRESSION* 
(MM.) 

NO. OP 

. TRIPS 

S-T SEGMENT 
DEPRESSION* 
(MM.) 

NO. OP 
TRIPS 

1 S-T SEGMENT 

1 DEPRESSION* 
(MM.) 


Grmi-p I. S-T Changes MarJcedly Dirmimshed Following Medication 


H. Shi. 

54: 

2.5 

54t 

0.5 

81t 

1.5 

M. L. 1 

40 

1.8 

40t 

0.5 

62t 

0.5 

H. Shr. 

22 

1.5 1 

22t 

0.0 

40t 


S. L. 

26 

1.5 

26t 

0.2 

42 1 


E. C. 

26 

1.0 1 

26t 

0.0 

42 1 



Group II. S-T Changes Moderately Fiminished Following Medication 


S. E. 

L. W. 

27 

36 

2.7 

2.7 

27t 

36t 

2.0 

1.8 

54 

1.4 

Group III. No S-T Changes Following Medication 

P. B. 

1 49 

3.5 

1 47 

3.1 



B. A. 

1 50 

4.0 

50 

4.0 




*The average of the measurement of ten consecutive complexes. 
fNo attack of angina induced. 

tNo pain on performing 50 per cent more work than was possible when no medica- 
tion was taken. 

§ Increase in work as compared with the amount necessary to induce pain when no 
medication was given. 

**Bxercise was continued until attack was produced. 
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Electrocardiograp'Ji’ic studies were made on nine patients (Table I), 
men no medication was given, the electrocardiograms immediately after 
the onset of pain induced by exercise showed a depression of the 


No 

. Medication 

before exercise 

NO MEDICATION 



BEFORE EXERCISE 
2 minutes 
after medication 


after exercise 



Octvl Nitrite 
2 deep inholotions 



5d TRIPS 


54 TRIPS 81 TRIPS 


PAIN 


NO PAIN NO PAiN 


Fig. 5. — Marked response to octyl nitrite (Group I), as illustrated by results on 
patient H. Shi. When no medication was administered, fifty-four trips over the two- 
step staircase caused pain and a depression of the S-T segment averaging 2,5 him. 
Two minutes after two inhalations of octyl nitrite the same amount of work caused 
no pain and a depression of the S-T segment of but 0.5 mm. ; 50 per cent more work 
resulted in no pain and an average S-T segment depression of 1.5 mm. 



BEFORE 

EXERCISE 


NO 

MEDICATION 








OCTYL 

NITRITE 



AFTER 
50 TRIPS 

PAIN INDUCED 


ji.‘ ==„ '-3, 





Pig. 6. — No response to octyl nitrite (Group III), as illustrated by results on patient 
B. A. When no medication was administered, fifty trips over the two-step staircase 
caused pain and an average depression of the initial portion of the S-T segment of 
4.0 mm. The same results were obtained after inhalation of octyl nitrite. 


segment of 1 to 4 mm., as compared to tracings taking at rest. This 
change was constant for each subject. Changes in the P, QRS, and 
T waves were variable and inconstant. 
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The inhalation of octyl nitrite with the patient standing at rest re- 
sulted in an average increase in heart rate of 11.6 beats per minute. 
Inhalation of the drug caused no constant change in the P, QRS, or 
T waves. 

Five patients showed a marked change in the S-T segment as a re- 
sponse to the drug (Fig. 5). After exercise, the average depression of 
the S-T segment, when no medication was taken, was 1.7 mm., whereas, 
after medication, it was 0.2 mm. All five patients were able to do at 
least 50 per cent more work Avithout developing pain. Two patients 
shoAved a moderate response to the drug; the average depression of the 
S-T segment after exercise A\dien no medication Avas taken Avas 2.7 mm., 
and folloAving the same stimulus after octyl nitrite Avas 1.9 mm. The 
remaining tAA^o patients sliowed no response to medication, either in an 
increased ability to Avork or in prcAmition of the S-T segment changes 
folloAAung exertion (Fig. 6). 

The duration of efficacy and cost of the inhaler tube. — Four patients 
used the inhaler tube at home until it AA'as no longer of any Amlue in 
prcA’cnting or shortening the duration of attacks. The number of treat- 
ments before the tube became depleted AA’as 44, 75, 120, and ISO, re- 
spectively. Therefore, the cost of the medication Avas one to four 
cents per dose, or tAvo to eight times that of nitroglycerin. 

Observations on inhalation as a method of administering nitrites . — 
Although inhalation medication AA'ould seem to be a simple procedure, 
it Avas found that patients could not folloAV the directions on the label 
of the inhaler tube, and thej’- obtained no benefit from the di’ug until 
the method of administration AA-as demonstrated by the physician on 
at least one and frequently tAA’o or three different occasions. 

Many difficulties Avere experienced AAoth the commercial, glass inhaler 
tube. Breakage of the inhaler (AAdiich happened to at least one-third 
of the tubes which Avere used at home) Avas caused not only by drop- 
ping, but also by remoA^al of the caps. The frequency of breakage not 
onty added appreciably to the cost, but also deprived the patients of 
medication temporarily. The method of retaining the pledgets AA'ithin 
the tube AA'as faulty, for they AA'ould frequently Ay into the nostz’il on 
deep inhalation. A further objection to the inhaler was the necessity 
for remoAung the tAA'o caps closing the ends; this frequently resulted 
in fumbling and loss of A''aluable seconds before the patient Avas able 
to take the medication. Although the patients found the odor of the 
di’ug unpleasant, it AA^as not so objectionable as to prevent continuation 
of its use. 

COMMENT 

It is CAudent that octyl nitrite is definitely effective in the treatment 
of angina pectoris. This AA'as shoAAm objectively, not only by an in- 
creased ability to AA'ork after inhalation of the drug, but also by a 
definite decrease in the duration of the attacks in some eases. Further- 
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more, this drug, like others which are effective in angina pectoris,^ 
prevents the development of the electrocardiographic changes which 
ordinarily occur on exertion in patients with angina. 

Octyl nitrite is apparently similar in its action to nitroglycerin and 
amyl nitrite, and it has all of their advantages and disadvantages. It 
differs from nitroglycerin primarily in that, being volatile, it can be 
administered by inhalation; tliis attribute permits wide variation of 
the dosage but appears to be of little practical value. It is superior to 
nitroglycerin in that it is absorbed rapidly. This should make it more 
suitable than nitroglycerin for shortening the duration of attacks. In 
our experience, a rapidly soluble tablet of nitroglycerin requires twenty 
seconds for solution, and the effect of the drug becomes evident approxi- 
matelj’' one minute after placing it under the tongue.® Octyl nitrite 
requires ten seconds, or less, for one inhalation, and the effect becomes 
evident within thirty seconds. Since attacks of angina pectoris are 
usually less than three minutes in duration,® any method of treatment 
which makes the drug available more rapidly is of value. Octyl nitrite 
is more expensive than nitroglycerin, but less costly than amyl nitrite 
ampules. This is its main advantage over the latter drug. 

These are definite drawbacks to the inhaler tube now on the market. 
The method of packaging makes it obvious that it is meant primarily for 
sale across the counter, and not solely on jirescription. If the directions 
on the package are followed and the patient continues inhaling until 
relief begins, severe and even dangerous reactions may occur. One in- 
halation, only, should be used unless careful observation by the phj'^sician 
or the patient indicates that larger doses are safe and necessary. It is 
evident that the patient must be taught to use the inhaler correctly. 
It would seem advisable to modify the tube, not only to prevent break- 
age, but also to improve it mechanically so that the drug would be avail- 
able more rapidly without the necessity of fumbling with the caps. 

CONCLUSIONS 

Octyl nitrite can be administered to patients with angina pectoris by 
the inhalation method. It is an effective means of preventing attacks 
on exertion and cutting short the duration of such attacks. Its action 
is similar to that of nitroglycerin and amyl nitrite, in both its beneficial 
and its untoward effects. It differs from nitroglycerin primarily in the 
mode of administration, which permits more rapid absorption but 
makes accurate dosage impossible. The commercial inhalers now avail- 
able are not satisfactory. Dose for dose, octyl nitrite is much more 
costly than nitroglycerin, but less so than amjd nitrite. 
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THE EFFECT OF ABRASION OF THE SURFACE OF THE HEART 
UPON INTERCORONARY COMUNIOATIONS 

Eugene J. Stanton, M.D., Paul Schildt, M.D., and 
Claude S. Beck, M.D. 

Cleveland, Ohio 

E XPERII\IENTS are recorded in which the surface of the heart was 
abraded hj’’ means of a metal burr, and the effect of this procedure 
upon the coronary arterial circulation was determined. 

Abrasion of the surface of the heart was a component of the operation 
introduced by BeelP in the treatment of coronary artery sclerosis. The 
other components of this operation were the use of a foreign body, such 
as powdered beef bone, on the surface of the heart, and the grafting of 
vascularized tissues, such as fat, parietal pericardium, and skeletal 
muscle, upon the surface of the heart. The purpose of abrading the sur- 
face of the heart in this operation was to remove the epicardial barrier 
between the coronary arteries and the arteries of the gi’afted tissues. 
The purpose of using powdered beef bone was for the production of an 
inflammatory (foreign body) reaction on the surface of the heart. It 
was also pointed out in this paper that distribution of blood to every 
part of the myocardium was of vital importance. It was demonstrated 
experimentally that a small area of the heart muscle which had been 
made ischemic by the ligation of several peripheral branches of the 
coronary arteries became a trigger zone that set off ventricular fibrilla- 
tion, whereas a much more marked reduction of total coronary flow 
was tolerated when the occlusion was placed centrally at the origin of 
the coronarj^ arteries. It was also shown exiierimentally that complete 
occlusion of a major coronaiy artery was tolerated better if a vascular 
bed had been prepared by a previous operation. Ligation of the right 
coronary artery was followed by a recovery rate of 30 per cent in the 
normal heart and 66 per cent in the prepared heart.^ This operation 
protected the heart in two ways: (1) It provided an extraeoronary 
source of blood supply, and (2) it produced a more equitable distribu- 
tion of blood between coronary arteries. Both extraeoronary and inter- 
coronary communications were demonstrated as a result of applying 
.surgical procedures to the heart.® “It seems quite possible,” according 
to Mau tz and Beck, “that the epicardial injury produced at the time 
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of operation may lead to new intereoronary communications, when the 
injury is produced at the junction between obstructed and nonob- 
structed coronary arteries. As granulation tissue proliferates to repair 
an injury, new arterioles develop and in this way new arterial com- 
munications may form between two coronaiy arteries.” Intereoronary 
communications which were produced by surgical methods were il- 
lustrated in Fig. 8 of that publication. However, studies have not been 
made to ascertain the relative importance of these factors. The ex- 
periments reported here concern intereoronary communications without 
the presen'ce of extracoronary communications. This publication deals 
with the effect of abrading or sei*aping off the epicardium. A later 
publication will concern the effect of powdered beef bone and other 
agents upon the development of intereoronary communications. 

EXPERIMENTS 

A. The Coronary Arteries in the Normal Heart and in the 

Abraded Heart 

In ten experiments on dogs the entire surface of the heart was 
thorouglily aliraded. Frequently the epicardium came away in sheets 
of 1 sq. cm. or larger. The experiment was terminated one week to 
three months later. The circumflex ramus of the left eoronaiy artery 
and the right coronary artery were cannulated, washed with a little 
ph.ysiologie saline, and injected with a barium sulfate gelatin mixture 
under a pressure of 200 mm. of mercury.^ This injection mass entered 
small arterioles, but did not fill capillaries and arterioluminal vessels. 
These two arteries in normal hearts Avere similar^ injected for com- 
parison. Eoentgenograms of the specimens Avere taken (Figs. 1 and 2). 
The amount of injection mass that passed oA^er into the descending 
ramus of the left coronary artery Avas A’^ariable in each individual heart. 
The amount that did pass OA'^er Avas assumed to be an indication of the 
size and number of intereoronary communications betAveen the beds that 
Avere cannulated (circumflex ramus of left coronary ai’tery and right 
coronai’A^ artery) and the noncannulated bed (descending ramus of left 
coronary artery). Analysis of these results is shoAvn in Fig. 3. Ac- 
cording to this comparative classification, a good injection AA^as obtained 
in fiA^e abraded hearts and in no normal heart; an intermediate injection 
Avas obtained in tAA^o normal hearts and in one abraded heart; a slight 
injection was observed in four normal hearts and in one abraded heart ; 
and no injection occurred in four normal hearts and in three abraded 
hearts. It should be pointed out that a considerable variation existed 
in the communications betAveen one coronary artery and another. A rare 
specimen Avas found among normal hearts in Avhicli these communica- 
tions Avere numerous and large enough to transmit blood, whereas other 
specimens failed to shoAA’’ any communications.® It is obvious from this 
study that the abraded hearts as a group are different from the normal 
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hearts as a group. The difference between the two groups is better 
injection of the descending ramus in the abraded specimens. Indeed, 
it seems that one might be able to select the hearts that might survive 
ligation of the descending ramus of the left coronary artery at its 
origin in one step and those that might not survive ligation of this 
artery. We should expect survival to take place in a, 1), c, d, e, and / 
of the abraded group (Fig. 2), and in a, h, and questionably in c of the 
nonabraded group (Pig. 1). This estimate can be compared with results 
obtained in 110 experiments in which this artery was ligated. 


ComiTiu-nic-atioris between Descending 'Ramus 
and Other Coronary Arteries. 

Good, 

Intermediate 
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o=Lweek to 3morvtKs after seirface of 
heart was abraded 


Pig. 3. — Ten normal and ten abraded hearts injected with barium sulfate gelatin 
into circumflex branch of left coronary artery and into right coronary artery. The 
specimens are classifled according to the amount of the injection mass found In the 
descending ramus of the left coronary artery. 

B. Ligation of the Descending Raimis of the Left Coronary Artery at Its 
Origin in Normal Hearts and in Abraded Hearts 

Mortality. — Ether anesthesia was used. Artificial respiration was 
carried out by means of an intratracheal tube. A surgical dissection of 
the descending ramus of the left coronary artery at its origin was made. 
The common left artery was exposed at its bifurcation. Two ligatures 
were placed on the descending ramus, and the artery was transected 
between ligatures. In this way only can we be certain that ligation of 
the artery is proximal to its highest branches. Ligation at lower levels 
has introduced a variable factor that is not uncommonly referred to in 
the literature. , This artery was ligated in five groups of ten dogs each. 
In one group two operations were performed because it was suggested 
that two exposures of the heart might make some, difference in the result. 
In this group the dissection of the artery was carried out, and a piece of 
silk was passed beneath the vessel; no obstruction to the vessel was 
produced. Two weeks later the artery was doubly ligated and tran- 
sected. The result was that four dogs lived and six died. ■ The total 
mortality is shown in Table I. Recovery occurred in fifteen experi- 
ments, or 30 per cent, and death occurred in thirty-five experiments or 
70 per cent. The variations in the five groups of ten each ranged from 
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recovery of one to recovery of five. We feel that this difference must 
be due to variations in individual hearts with regard to the number and 
size of intercoronary communications’ and the relative size and impor- 
tance of the three major arteries themselves. 

Table I A 


Ligation of Descending Ramus of Left Coronary Artery 


DOGS j 

LIVING 

DEAD 

10 

o 

O 

7 ■ ■ 

10 

1 

9 

10 

4 

6 

10 

2 

8 

10 

5 

5 

Total 50 

15 (30%) 

35 (70%) 


Table I B 

Abrasion of Epicakdiuji Followed by Ligation of Artery 


DOGS 

INTERVAL 



(week) 

LIVING 

DEAD 


Same operation 

4 

6 


1 

6 (60%) 

4 


2 

14 (70%) 

6 

20 

3 

11 (55%) 

9 

Total 50 


31 (62%) 

1 19 (38%) 


Results of 110 experiments, in fifty of which the descenclingr ramus of the left coro- 
nary was lig-ated and cut at its origin, and in sixty of whicli the surface of the heart 
was abraded before ligation and section of the same artery. 


In ten experiments the surface of the heart was abraded, and after 
this was done, and at the same operation, the descending ramus of the 
left coronaiy artery at its origin was doubly ligated and transected as 
in the control experiments. Tiie result in this group was that four lived 
and six died. This result was the same as that in one of the control 
groups, and indicates tliat no obvious benefit was obtained by abrasion 
when the two procedures were done simultaneously. 

In one group of ten and two groups of twenty experiments each, 
abrasion of the heart was followed by ligation and section of the arteiy, 
as in the control groups, at intervals of one, two, and three weeks, 
respectively, between abrasion and ligation. The results of these ex- 
periments, in order, were that six lived and four died; fourteen lived 
and six died; and eleven lived and nine died. The total result was 
thirty-one survivals, or 62 per cent, and nineteen fatalities, or 38 per 
cent (Table I). All animals were kept for periods of at least two 
months after ligation of the artery in order to obtain these statistics. 
According to these results, the mortality after ligation of the descending 
ramus of the left coronary artery at its origin, in one step, was reduced 
from 70 per cent in fifty normal hearts to 38 per cent in fifty hearts 
in which the surface of the heart had been abraded one to three weeks 
before the artery was ligated. 
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Infarcts.— At any time after a two-montli period the experiment was 
terminated and the specimen examined. The circumflex branch of the 
left coronary artery and the riglit coronary artery were cannulated and 
injected as in the control groups. The descending ramus of the left 
coronary artery was not injected. The specimens wei'e chilled after in- 
jection to flx the injection mass, and the specimen was preserved in 
formalin. After flxation, roentgenograms of the specimens were taken 
and then four or flve transverse sections were made across the heart. 
The infarcts were classifled, according to size, as none, small, intermedi- 
ate, and large. Examples from this cla.ssification arc shown in Pig. 4. 
With this illustration as a kej’-, the specimens Avere arranged in groups, 
as shown in Pig. 5. In two specimens no infarct Avas found. Both 
of these hearts had been abraded before the artery Avas ligated. A small 
infarct AA^as found in four control siiecimens and in seven abraded speci- 
mens. An intermediate infarct Avas found in four control specimens 
and in ten abraded specimens. A large infarct Avas found in seA’^en 
control specimens and in tAvelve abraded specimens. 
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Fiff. 5. — Results with fifty abraded and fifty normal hearts in which the descending 
ramus of the left coronai-y artery was ligated in one step at its origin. The group in 
which abrasion and ligation were done at the same operation is not included. 

Tavo conclusions are obvious in the analysis of these results. One is 
that abrasion tends to reduce the size of the infai’ct, making it possible 
to ligate the descending ramus of the left coronaiy arterj'- at its origin 
AAothout the formation of an infarct. This, in our experience, never oc- 
curred in a normal, unabraded heart. The other conclusion is that there 
are more abraded specimens than control specimens in CA'^ery group 
small, intermediate, and lai’ge. On. a percentage basis, it appears that 
the liA^es of sixteen of fifty dogs Avere saved by abrasion of the surface 
of the heart before the artery Avas ligated. 
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Injected Specimens . — On examination of the specimens it was found 
that many of the hearts that survived ligation of this artery, whether 
of the control group or of the ' abraded group, showed well-devdloped 
communications between the ligated artery and the other two patent 
arteries (Fig. 6). Good communications were present regardless of the 
size of the infarct. It would appear from these results that, if recovery 
followed ligation of the descending ramus of the left coronary artery, 
the entire vascular bed frequently became one common bed. The cause 
for the development of a common arterial bed is the existence of a 
pressure differential in the open arterial tree, as compared to the closed 



Pig:. 6. — Roentgenograms of hearts that survived ligation of the descending ramus 
of the left coronary artery at its origin. The right coronary artery and the circum- 
flex branch of the left coronary artery were injected. The descending ramus filled well 
through intercoronary communications, which became progressively larger after liga- 
tion, regardless of the size of the infarct. A common coronary bed was produced by 
the ligation ; this is a favorable condition in the presence of progressive coronary 
artery sclerosis. Arrow points to the ligated descending ramus. 

arterial tree. It is conceivable that the small anatomic communications 
that normally extend into adjacent vascular beds are opened up by this 
pressure gradient.'^ These communications undergo progressive enlarge- 
ment until they carry a considerable quantity of blood. This is a 
favorable anatomic and physiologic condition, and it should offer a de- 
gree of protection against further coronary occlusion. In a study of 
human hearts with coronary artery disease, Blumgart, Schlesinger, and 
Zoll® found that, in the majority, two of the three major arteries were 
oceluded. After the subject survived occlusion of one major artery and 
after a common coronary bed developed, it would appear that this com- 



538 


THE AMERICAN HEART JOURNAL 


mon circulatory tree was adequate to carry on until another major artery 
was occluded. Were it not for the development of a common bed, one 
would expect catastrophe earlier in the course of the occlusive process. 

SOTIMARY AND CONCLUSIONS 

We have demonstrated that intercoronary communications can be 
produced by surgical methods. Abrasion of the surface of the heart 
was the surgical method used in these experiments. This surgical pro- 
cedure was effective in opening intercoronary communications. It re- 
duced the death rate from 70 per cent to 38 per cent after ligation of 
one of the three major coronary arteries. In terms of recovery, there 
was an increase from 30 per cent to 62 per cent. With respect to ir- 
reparable damage to the heart muscle after ligation of a major coronary 
artery, we can say that abrasion exercises a favorable effect. The infarct 
caused by acute arterial occlusion is smaller or, indeed, can be altogether 
prevented from forming in hearts that have been abraded. We can also 
say that in 32 per cent of the animals the heartbeat was maintained 
by virtue of the intercoronary communications that developed after the 
surface of the heart had been abraded. In these dogs infarcts de- 
veloped; large infarcts developed in many of them. The coronary 
circulation in these dogs under normal conditions was such that the 
heart could not have tolerated occlusion of the artery if the circulation 
had not been aided by the effect of abrasion. After abrasion, the circula- 
tion in these hearts was good enough to withstand ligation. 

We have shown that, if the heart survives ligation of a major artery, 
the arterial bed usually becomes a common bed through the medium of 
intercoronaiy communications. Coronary occlusion is an effective stim- 
ulus to the development of intercoronary channels. 
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THE CORONARY OPERATION 


Claude S. Beck, M.D. 
Cleveland, Ohio 


T he original idea of revascularization of the myocardium occurred to 
me in 1931. During the years which have intervened since then, 
my associates and I have carried out several thousand experiments on 
dogs’ hearts in a study of this and related problems. I have always felt 
that the surgeon was obliged to prove or demonstrate his point in the 
laboratory before he tried to apply his idea by operating on the human 
heart. In several instances, surgeons have gone ahead with operations 
on the human heart in the hope that the patient would be helped by the 
operation and that the science would come later. I am critical of this 
short cut. It is an easy road to take, but it is dangerous and it may be 
futile. Interest should center first and foremost in experimental demon- 
stration. If experimental demonstration is reasonably acceptable, then 
we can go to the patient. What we have done on this subject, we have 
done the hard way. It has been slow and difficult, but we have not ap- 
plied any idea to the patient that was not investigated first in the labora- 
tory. 

I shall refer briefly to some of the facts established by experiment. 
We established extracoronary communications in grafts. These channels 
were demonstrated in cleared specimens and Avere large enough to be 
seen without magnification. We have not ascertained the direction of 
flow in these channels, nor have we measured the amount of flow through 
them. Prom the scientific point of view it matters little Avhat tissues are 
used for grafting. The important jjoint is the demonstration of blood 
vessels. This, I might add, is not a trifling accomplishment if one insists 
upon the demonstration of blood vessels large enough to be seen without 
magnification. I feel that, if the graft is going to furnish any significant 
quantitjr of blood to the heart, the anastomoses should be large enough 
to be seen without a microscope. For that reason we gave up the use of 
watery solutions of dyes for injection purposes, and, in later years, in- 
jected our specimens Avith a mixture of barium sulfate and gelatin. 
Blood vessels demonstrated by the injection of aqueous solutions may be 
so small that they may not cany blood. In this respect they are ana- 
tomic, but not functional. Vessels injected Avith the mixture of barium 
are 40 to 50 micra, or larger, in diameter, and can carry blood. We 
used many different structures' for grafts — parietal pericardium, medi- 
astinal fat, skeletal muscle from the chest Avail, lung, omentum brought 
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up tlirough tlie diaphragm, spleen, stomaeli, and bowel. We also used 
island grafts of internal mammary artery and triangularis sterni muscle. 
We were the first to use omentum experimentally, hut this is not an 
important consideration. The important point was to produce as many 
anastomoses as possible, and to make them as large as possible, regardless 
of the tissue used. 

Doctors Tichy, Bright, Mautz, Thornton, Phelps, and Stanton assisted 
in the study of these problems. We had the belief early in the work that 
occlusion of the coronary arteries was helpful in the development of 
anastomoses. To produce occlusion of a coronary artery progressively 
over a period of time was a problem in itself. Finally and recently, 
a clamp was devised that could close an artery in four to six weeks by 
virtue of osmotic pressure. It was shown that, if one of the three major 
coronaiy arteries was occluded in stages at successive operations, an 
infarct did not form. This was an original experimental demonstration. . 
Bright completely occluded the descending ramus of the left coronary 
artery in stages, and he and Tennant, in Dr. Wiggers’ laboratory, 
showed that the myocardium supplied by this artery maintained its 
function. It contracted, and did not dilate, as did the myocardium 
after arterial ligation in the normal, unprepared heart. It was also 
shown in a few specimens that practicality all three major coronaiy 
arteries (except the septal artery) could be occluded if the heart had 
been prepared before the arteries were occluded. We believed that the 
epicardium was a barrier to the development of extracoronary vessels, 
and we removed it by various destructive chemical agents, or by a metal 
burr. We conducted experiments with maiy foreign bodies on the sur- 
face of the heart for the purpose of obtaining an inflammatory reaction, 
klany of these substances were dangerous, and could not be used on 
human patients, such as tincture of iodine, Dakin’s solution, ether, iron 
filings, etc. We used powdered beef bone because it pi’oduced a mild, 
foreign-body type of inflammation over a long period of time. Com- 
munications were demonstrated beDveen the coronary arteries them- 
selves, and between coronaiy arteries and arteries of grafted tissues. 

It was also possible to demonstrate anastomoses extending into the fat 
at the base of the heart. Anatomic communications normally exist in 
this fat. They do not carry blood under normal conditions. These 
channels can be enlarged by surgical methods, and perhaps they can be 
made to carry blood. 

I should like to discuss a point that was learned early in the course 
of the work which I believe is of importance. It has been published in 
one of our surgical journals (Annals of Surgery 102: SOI, 1935), but 
I have not seen it discussed in any of the medical contributions on 
coronary disease. 

When we began to produce coronary obstruction, we did not loiow 
whether we should ligate the arteries distally or ligate them close to 
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their origin from the aorta. A surgical dissection of these vessels at the 
aorta appeared to present technical difficulties at the time, and we there- 
fore selected peripheral ligation. ' Four or five small arteries were ligated 
over the left ventricle, as shown in Fig. lb. I believe we did this ex- 
periment about two dozen times before we finally concluded that this was 
always a fatal procedure. The ventricles went into fibrillation. Then we 
went up higher on the arteries and placed silver bands on each artery, 
as in Fig. la, reducing the cross section of each artery about one-third. 




Pig. 1. — Two types of operations are shown : a shows the usual sites where silver 
bands were applied to the coronary arteries. A reduction of 30 to 50 per cent in the 
cross sectional area of these three arteries was compatible with life, b shows another 
type of experiment. Four or five peripheral branches of the coronary arteries over the 
apex of the heart were ligated. This experiment was always fatal. In o the re- 
duction in total coronary blood flow was considerably greater -than in b. The heart 
cannot tolerate ischemia of severe degree, even when the area of ischemia is small. 
The collateral bed produced by operation can transport blood to such ischemic areas. 

The heart could tolerate this degree of obstruction. When one experi- 
ment is compared with the other, it would appear that we were dealing 
with generalized anoxemia in a, and localized, but severe, anoxemia of a 
small part of the myocardium in b. I believe the entire coronary circula- 
tion was reduced to a greater extent in a than it was in b, yet recovery 
took place in a and ventricular fibrillation took place in b. This experi- 
ment made us pay attention to localized anoxemia, and it convinced us 
that localized anoxemia in the heart was like a trigger that could set off 
ventricular fibrillation. I believe that the concept of a trigger zone is 
appropriate, because it implies potential danger to a mechanism that 
is working smoothly, and, as the clinician well knows, its presence may 
be entirely unsuspected. We could appreciate this very clearly in the 
laboratory, and it started us to think about the distribution of blood to 
the myocardium. We recognized the importance of an equal distribution 
of blood to all parts of the myocardium, and we came to believe that we 
could improve distribution of blood by surgical methods. This was 
accomplished by bringing in blood from the outside through grafts, 
and also by opening intereoronary channels by producing an inflam- 
matory reaction on the surface of the heart. Both of these develop- 
ments are important. 
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Intereoronary communications can be produced in two ways. One 
is by gradual, progressive occlusion of a major arteiy. The other is 
by the production of an inflammatoiy reaction on the surface of the 
heart. Both of these demonstrations are original contributions from 
our laboratory. Abrasion of the surface of the heart is effective in 
opening intercoronary communications. Foreign bodies and chemical 
agents are also effective. Each of these methods can function in a 
mutually complementary manner, as I shall try to show. We can readily 
understand how a trigger zone develops in the mjmeardium because of 
arterial disease. Anything in the way of improved distribution in the 
earl.y stage of the disease will delay or remove the threat of ventricular 
fibrillation. The opening or the development of new, intereoronary com- 
munications in the early stages of the disease should be able to accom- 
plish this. The intereoronary communications develoii as the occlusive 
process develops. It is olivious that catastrophe can be delayed by 
the presence of a common coronary bed. It is reasonable to believe that 
surgical methods are effective in the production of a common bed. 

The coronary problem was studied over a three-year period before 
any application to the human heart was attempted. Dr. Harold Peil 
selected thirty patients for operation. They 'were to constitute a study 
group. The operation was not looked upon as a matter of therapy. 
The first operation was performed on Feb. 13, 1935; the last in this 
study group was performed on April 19, 1938. 

The first requirement in the selection of the patient for operation was 
that he should be severely crippled by the disease. We did not accept 
anyone who could get along moderatel.y well with bed rest and drugs, 
and no one Avho could hold down any kind of job Avas taken. We did not 
desire to take patients Avho had circulatory failure. HowcA^er, one pa- 
tient had scAmre edema and dyspnea at tlie time of operation. Tlie 
point that I should like to make is that AA^e did not feel justified in 
taking patients Avho seemed to have a chance to keep on living, and 
each patient felt that he AA^as facing imminent catastrophe AAothout 
operation. 

A folloAA’^-up report of results AAms presented to the American Associa- 
tion for Thoracic Surgery, in 1940, by Dr. Feil, and Avas published in the 
journal of that association (10: 529, 1941). As I look at this part of the 
AAmrk at its present stage of dcAmlopment, I can see that certain considera- 
tions are of greater importance than others. I AAmuld not giAm a place of 
first importance to such considerations as selection of patients, details 
of operation, AAdiether omentum or something else should be used, and 
mortality. I believe the most important question is this : Has operation 
helped anyone in the group ? The ansAver to this question determines 
AAdiether or not medical methods of treatment of coronary disease aauII 
prevail Avithout exception, or Avhether operations Avill be performed upon 
some of these patients. The second important question is this : What is 
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the best result from operation in the group ? The answer to this ques- 
tion provides a measurement of the best that operation can give — a 
standard of attainment, so to speak. The third question is: What 
is the explanation of the clinical improvement The answer to this 
will tend to keep the operative technique on a scientific basis. If surgery 
finds a place in the treatment of coronary disease, the technique will 
undergo changes. Someone will advocate the use of a foreign body only, 
without grafts, as I did in the thirteenth patient of our series five 
years ago. This patient had circulatory failure, and it appeared that 
he would not stand much in the way of an operation. We opened the 
pericardium and introduced powdered beef bone to obtain an inflam- 
matory (foreign body) reaction on tlie surface of the heart without 
using any grafts. Someone will conceive the idea of injecting a chem- 
ical agent, such as sodium morrhuate, sodium ricinoleate (or croton 
oil, which should never be used) into the pericardial cavity without 
exposing the heart and without operation. I should like to repeat here 
that all procedures should be tested in the laboratory before they are 
applied to patients. Many substances cannot be tolerated and will 
cause death. 

In answer to the first question, I can say that, with exceptions, the 
operation is beneficial. Ten of the thirty patients died during the im- 
mediate postoperative period. All of these patients had severe coronary 
disease, as shown by necropsy examination. I do not believe that the 
operation in itself need be more severe or shocking than any ordinary 
operation. Of the twenty patients who were discharged from the hos- 
pital, sixteen are still living and four are dead. Every one of the six- 
teen has been improved, and twelve of them have what Dr. Fell calls 
a good result. 

It is a pleasure for me to answer the second question. The degree of 
benefit has been great. Indeed, it is almost incredible. The first patient 
in the series was operated upon six years ago. Four months after 
operation he got a job as a gardener. For the past four years he has 
worked as a farm hand. He has no symptoms. The second of those 
now living is a surgeon. He was operated upon six years ago. He be- 
lieves the operation saved his life. He also believes that the operation 
should be applied as a matter of therapy. The list of patients includes 
several salesmen, several machinists, a factory superintendent, a school 
teacher, a painter, a cook, a clerk, a coal miner, a waiter, and a moulder. 
Not all are back at work, but many of them are, and every one of them 
states that he is better than he was before the operation, I have asked 
Dr. Feil whether results like this could occur in a group of similar 
patients who were not operated upon. He states that it is unusual for 
a patient, after he has had a coronary thrombosis, to recover to such an 
extent that he can resume manual labor and be able to work for a period 
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of several j^ears. Although this might occur in unusual instances, a 
group experience sueli as this, he states, does not occur. 

I believe the scientific explanation for the improvement in our group 
of patients can be given in a fairlj’- reasonable manner. We have been 
fearful to accept the beneficial result obtained in tlie patients until we 
demonstrated that abrasion of the heart was a more important factor 
than we appreciated in the past. Up to this time the clinical result was 
better than our laboratoiy demonstrations could explain satisfactorily. 
We could not understand whj’- many of the patients stated that they felt 
better as early as one week after the operation. The earliest that we 
could demonstrate injection across the grafts, using wateiy solution of 
dye, "was two to three weeks, and ive did not believe that the circulation 
through the grafts could provide such early improvement. I can accept 
the explanation now that intercoronary communications were opened by 
the abrasion, and that this explains the early improvement which was 
noted so frequently. Some of the patients showed continuing improve- 
ment after a two-j’ear period. We do not know what will happen to 
extracoronary communications in the course of years, whether they will 
increase or diminish in size. The relative importance of intercoronaiy 
and extracoronaiy communications remains to be ascertained. In the 
best of the three human hearts that we examined, we found that the 
mixture of barium sulfate and gelatin which was injected into the 
coronary arteries escaped through tlie grafts. The transfer was through 
about ten or twelve anastomoses tliat could be seen in the cleared 
specimen without magnification. Intercoronary channels were also pres- 
ent, and these could have been developed by the operation or by the 
progressive narrowing of the coronaiy arteries higher up. Additional 
information on this will be obtained in the future. 

Up to the present time I have considered the work as an experimental 
studj", and I have advised against accepting it as a matter of therapy. 
The experiments by Stanton, Schildt, and myself are encouraging, as are 
also the experiments by ITeinbecker and Barton, of St. Louis. It ap- 
pears to me that we should continue to regard the work as an experi- 
mental study, and not as a matter of therapy. I do not believe that 
the operation is read}’ for surgeons to take up generally. However, I 
should like to solicit the help of the American Heart Association in 
selecting a number of patients vdio are willing to have the operation 
done, so that a preliminary appraisal of results can be made by people 
other than ourselves. I believe that it would be advisable to carrj'' out 
the operation on 100 patients as a preliminary study, before deciding 
the question of therapy. I should be pleased to do these operations 
because the technical aspects of the operation should be controlled. Co- 
operation in this preliminaiy study is needed. 



SYMPATHECTOMY AND EXPERIMENTAL OCCLUSION OP A 

CORONARY^ ARTERY^ 

Arnaldo Y^odice/' M.D. 

Buenos Aires, Argentina 

T he purpose of this paper is to record experiments in which the sym- 
pathetic nerves to the heart were removed and a major coronary 
artery was ligated. Leriche, Herrmann, and Fontaine^’ maintained 
that removal of the sj'-mpathetic nervous system proteeted the heart when 
the descending ramus of the left coronary artery was ligated. This con- 
clusion was based upon four experiments. Cox and Robertson^ asserted 
that the mortalitj'^ was reduced from 50 to 10 per cent after ligation of 
this artery in the normal heart if the stellate ganglia had been removed 
before the ligation. They also stated that the infarct caused by ligation 
of the artery was smaller if the stellate ganglia were removed before liga- 
tion. Mendlowitz, Sehauer, and Gross* pointed out that the heart rate 
became slower after removal of the sympathetic chain, but this brady- 
cardia was only temporary. Bilateral sympathectomy produced fatal 
heart block in a few of their experiments. Sehauer, Gross, and Blum® 
reported measurements of cardiac output, circulation time, and arterial 
pressures in animals after ligation of the descending ramus of the left 
coronary artery. In some experiments the stellate ganglia were removed 
before the artery was ligated. In both types of experiments there were 
a fall in cardiac output, a delay in the circulation time, and a fall in 
blood pressure. Sympathectomy reduced the incidence of ventricular 
fibrillation and the mortality rate after arterial ligation. The size of the 
infarct was the same in both types of experiments. 

My interest in repeating these experiments was to ascertain whether 
the effect of sympathectomy was sufficiently beneficial to apply the pro- 
cedure in the treatment of coronary sclerosis. 


EXPERIMENTS 


The stellate ganglia and the sympathetic chain down to the eighth, 
ninth, or tenth rib were removed on both sides. The left coronary 
artery was dissected at its bifurcation into the ramus circumflexus and 
the ramus descendens. The latter was isolated, doubly ligated, and cut. 
This high level for ligation of the artery was selected in each experiment. 
The operations were carried out under ether anesthesia. 

In one series of experiments this procedure on the sympathetic nervous 
system was completed and was followed by ligation of the arteiy at the 
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same operation. In the other series of experiments,, an interval of eleven 
to twenty-five clays (average, about seventeen days) elapsed between re- 
moval of the sympathetic system and ligation of the artery. The results 
of these experiments are given in Tables I and II. 


Table I 


BOG 

INTERVAL BETWEEN 
SYMPATHECTOMY AND 
LIGATION OF CORONARY 
ARTERY (DAYS) | 

RECOVERED 

DIED 

1 

11 


1 day 

2 

17 

Killed after 3 mo. 


O 

O 

17 


1 day 

4 

IG 


2 days 

5 

23 


1 day 

6 

17 


4 hours 

7 

IG 


7 days* 

S 

19 


1 day 

9 

17 

Killed after 53 days 


10 

20 


1 day 

11 

20 


5 min. 

12 

19 

Killed after 4S days 


13 

17 


2 hours 

14 

1 


12 min. 

15 

‘ 17 


3 days'* 

IG 

t 17 

t 

30 min. 


Bilateral sympatliectomj' and ligration.of descending- ramus of the left coronarj' 
artery at its origin -were done in two operations. 

*Two animals had pneumonia (E.xperiments 7 and 15). 


Table II 


DOG 

RECOVERED 

DIED 

1 


5 min. 

2 

* 

1 day 

3 


6 days* 

4 


7 days* 

5 

Killed after 23 days 


G 

Killed after 23 days 


7 


2 days'* 

8 


10 min. 

9 1 

Killed after 44 days 


10 

Killed after 44 days 


11 

Killed after 43 days 


12 


1 day 

13 


2 days* 

14 


1 1 day 

15 


4 days* 

16 


10 min. 

17 


1 day 

18 

Killed after 38 days 



Bilateral sympatliectoms^ and ligation of descending i-annis of left coronary artery 
at its origin were done at the same operation.* 

*Pneumonia was found in Experiments 3, 4, 7,’ 13, and 15. 


The control experiments consisted of ligation of the artery only. This 
group of experiments was done by Beck and Mako,® in this laboratory 
(Table III). 

In ten experiments, procaine was' applied to the surface of the heart 
before and after the descending ramus .of the left coronary artery was 
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ligated. Two cubic centimeters of a 5 per cent solution of procaine, 
when applied to the epicardium, produced slowing of the heart rate and 
reduced the responses of the heart to mechanical, electrical, and chemical 
stimuli. This drug was applied lioth before and after ligation of the 
artery. In a series of ten experiments, five animals survived ligation and 
five died. In two experiments, ventricular fibrillation occurred a few 
minutes after ligation of the artery; two animals died on the first day, 
and one died on the second day after ligation. The application of 
procaine to the surface of the heart did not prevent ventricular fibrilla- 
tion after the artery was ligated. The fact that five of ten dogs sur- 
vived suggests that the drug may have a beneficial efteet, but, if so, it is 
slight. 

Table in 


DOG 

LIVING 

DEAD 

10 

1 

9 

10 

2 

8 

10 

3 

7 

Total 30 

6—20% 

24 


Control experiments In -which the descending ramus of the left coronary artery at 
its origin -was ligated. Analysis of deaths shows that seven died 5 to 30 minutes, 
fifteen, 2 to 18 hours, one, 15 days, and one, 18 days, following ligation. 


The size of the heart was ascertained before and after operation by 
means of standardized roentgenograms. These were taken with a con- 
stant target-film distance. According to these measurements, the size of 
the heart was the same before and after sympathectomy. 

The size of the infarcts was ascertained after serial, transverse in- 
cisions across the ventricles were made. An infarct was found in every 
experiment in' which the dog survived arterial ligation, and the infarcts 
were about the same in each group of experiments. 

DISCUSSION OP RESULTS 

In one series of sixteen experiments the sympathetic nervous system 
was removed, and, about seventeen days later, the descending ramus 
of the left coronary artery was ligated. In this series recovery took place 
in three instances, or about 20 per cent, and death occurred in thirteen, 
or 80 per cent. This mortality rate is about the same as that in the 
control group. If the cause of death could be attributed to pneumonia 
in Experiments 7 and 15, the mortality rate would be changed in no 
significant degree. These experiments indicate that sympathectomy 
does not reduce the mortality rate ivhen the descending ramus of the 
left coronary artery is ligated, provided the interval between the two 
operations is about seventeen days. 

In a series of eighteen experiments the sympathetic nervous system 
was removed, and, at the same operation, the descending ramus of the 
the left coronary artery was ligated. In this series recovery took place 
in six instances, or about 33 per cent, and death occurred in twelve, or 
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66 per cent. This mortality rate is somewhat less than that in the control 
group. The difference, however, may be of no significance. Pneumonia 
was found at autopsy in five dogs. It is probable that this complication 
was responsible for the death of one or more of these animals. If pneu- 
monia, instead of arterial ligation, were, the responsible factor in all of 
these experiments, the recovery rate would be increased to about 60 per 
cent. Ventricular fibrillation occurred in three of the eighteen experi- 
ments in the course of minutes after arterial ligation. This is about 
the same incidence as in the control group, namely, seven of thirty ex- 
periments, 

CONCLUSIONS 

1. Sympathectomy does not reduce the mortality of coronary arterial 
ligation, provided an interval of about seventeen days is allowed to elapse 
between the two operations. 

2. Sjonpathectomy followed immediately by arterial ligation carries 
a slightly lower mortality than arterial ligation alone. This beneficial 
effect is transient. It is slight in degree, and, indeed, it may be question- 
able as to whether it exists. The heart is less irritable and the fate of 
contraction is slower after sympathectomy. In this respect the effect of 
sympathectomj’- resembles the effect of applying procaine to the surface 
of the heart, 

3. The size of the infarcts caused by arterial ligation is not reduced by 
sympathectomy, 

4. These studies indicate that sympathectomy cannot be considered an 
effective method of reducing mortality or size of infarcts resulting from 
acute coronary occlusion. It may liave a sliglitly beneficial effect, but 
this effect, if present, is transient. 
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NOMENCLATURE 

Diseases and Abnormalities op the Blood and Lymph Vessels 

OF THE Extremities 

DISEASES OF ARTERIES AND ARTERIOLES 

I. Functional (vasomotor) conditions 

A. Vasoconstrictor 

1. Raynaud’s syndrome (primary or idiopathic) (late stages 
secondary organic changes in arteries, sldn, and subcutaneous 
tissues) 

2. Raynaud’s syndrome (secondary) 

a. Traumatic vasospastic syndrome — pneumatic hammer dis- 
ease, other types of repeated trauma. 

b. Neurogenic — cervical rib, scalenus anticus sjoidrome, 
spondylitis, neuritis 

c. Secondary to organic vascular disease — arteriosclerosis, 
thromboangiitis obliterans, syphilitic arteritis 

d. Intoxications — nicotine, arsenic, ergot (early) lead? 

e. Miscellaneous 

3. Acrocyanosis 

4. Cutis marmorata (early livedo reticularis) 

5. Vasospasm secondary to 

a. Lesions of peripheral nerve, brain, spinal cord 

b. Thrombophlebitis 

e. Acute arterial occlusion 
d. Post-traumatic osteoporosis 

B. Vasodilator 

1. Erythromelalgia (erythermalgia) — primary 

2. Erythromelalgia (eiythermalgia) — secondary to 

a. Polycythemia vera 

b. Arteriosclerosis 

c. Thromboangiitis obliterans 

d. Trauma 

e. Miscellaneous — secondary to fever, hyperthyroidism, alco- 
holism, neurocirculatory asthenia, menopause 
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II. Organic (structural) conditions 

A. Occlusive (organic) 

1. Generalized arteriosclerosis 

a. Arteriosclerosis oblitei*ans 

b. Medial (Monekebei'g’s) arteriosclerosis 

c. Combined 

2. Thromboangiitis obliterans 

3. Periarteritis nodosa (essential periarteritis) 

4. Temporal arteritis 

5. Ergotism (earlj’" stages may be spastic) 

6. Arteritis and arteriolitis secondaiy to 

a. Infectious diseases 

1). Local inflammatory processes 

c. Hypertension 

d. Lupus erythematosus disseminatus (including Libman- 
Sachs sirndrome) 

e. Idiopathic 

7. Simple arterial thrombosis 

a. Associated with infectious diseases 
Id. Associated with blood dyscrasias 

c. Secondaiy to trauma or compression 

d. Idiopathic 

8. Abscess of the wall of artery (state organism) 

9. Frost bite 

10. Pernio 

11. Livedo reticularis 

12. Arterial embolism 

a. Blood thrombus 

b. Pat 

c. Air 

d. Bacterial 

e. Neoplastic 

f. Fungous 

g. Inorganic substances 

B. Nonocelusive 

1, Aneurj^sm 

a. Congenital 

b. SjTDhilitie 

e. Artex'ioselerotic 

d. Mycotic 

e. Traumatic 

f. Idiopathic 

2. Arteriovenous fistula 

a. Congenital 

b. Traumatic 
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c. Secondary to malignancy or other disease 

d. Mycotic 

3. Congenital anomalies — other than fistula 

4. Trauma and external compression (scalenus anticns syn- 

drome) 

5. Rupture 

6. X-ray, radium, telangiectasia 

Note. Ulceration or gangrene, when present, shoulcl be noted. 

DISEASES OF VEINS 

I. Vasomotor (functional) 

Spasm 

Following injury or disease of vein or accompanying artery or 
nerve 

II. Organic (structural) 

A. Obstructive 

1. Thrombophlebitis and venous thrombosis (phlebothrombosis) 

a. Primary 

1. Thromboangiitis obliterans 

2. Recurrent or migrating (without arterial lesions) 

3. Essential 

b. Secondary to 

1. Mechanical injury (contusion, laceration, surgery) 

2. Muscular effort or strain 

3. Chemical injury (sclerosing agents, drugs, solutions 
for diagnosis) 

4. Infiammatory or suppurative lesions — Infectious dis- 
eases 

a. Tuberculosis, syphilis, actinomycosis 

b. Other bacteria (to be specified) 

5. Severe ischemia 

6. Chronic disease of vein wall (varices, phleboselerosis) 
(Late complications — ^varicose or post-phlebitic ulcers) 

7. Blood dyscrasias (polycythemia vera, leucemia, per- 
nicious anemia) 

8. Epidermophytosis ( ?) 

2. Neoplastic invasion of vein 

3. Venous compression, with or without thrombosis or thrombo- 
phlebitis, due to 

a. Gravid uterus 

b. Neoplasm 

e. Aneurysm 

d. Scar tissue 

e. Scalenus sjmdrome 

f. Fractures and dislocations 

g. Increased intra-abdominal pressure (ascites, etc.) 
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B. Non obstructive 

1. Varicose veins (aneurysm) 

' a. Primary — congenitally incompetent valves 

b. Secondary (to proximal obstructive lesions or pressure) 

c. Secondary to phlebitie destruction of valves 

d. Compensatory dilatation of collateral veins 

2. Arteriovenous fistula 

a. Congenital 

b. Traumatic 

c. Mycotic 

d. Secondary to local disease 

3. Aberrant position 

4. Hypoplasia 

5. Phlebectasia 

6. Periphlebitis without thrombosis 

7. Phleboselerosis (not usuall}’- obstructive) 

8. Eupture 

TUMORS OF BLOOD AT3SSELS 

A. Hemangioma 

1. Simplex-telangiectasis 

a. Nevus cinosus 

b. Plexiform angioma 

c. Hemangioma hypertrophicum 

1, Klippel-Trenaunay syndrome (hemangioma, varicose veins, 
osteohypertrophy) 

2. Cavernosum 

3. Raeemosum (capillary) 

B. Hj'pertrophic granulation tissue 

C. Hemangio-endothelioma 

D. Angiosarcoma 

E. Glomus tumor 
1. -Leiomyoma of vessel wall 

Endothelioma 
Endothelial myeloma 

H. Kaposi’s disease 

I. Sarcoma of blood vessel sheath 

TUMORS OF LYMPH VESSELS AND LYMPH TISSUES 


A. Lymphangioma 

1. Simplex 

2. Cavernosum 

3. Cysticum (hygromas) 

4. Secondary to incompetent valves 
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B. Endothelioma 

C. Lymphoma (benign) 

D. Lymphocytoma 

E. Leucemia 

F. Ljonphosarcoma 

G. Hodgkin’s disease 

H. Reticulum cell sarcoma 

I. Sarcoma of sheath or capsule of lymph node 

DISEASES OF PERIPHERAL LYMPH NODES AND LYMPH VESSELS 

I. Vasomotor (functional) ; none established 

II. Organic (structural) 

A. Obstructive 

a. Noninflammatory 

1. Primary lymphedema 

a. Simple 

b. Congenital 

e. Hereditary (Milroj'-’s disease) 
d. Precox 

2. Secondary lymphedema due to 

a. Surgical removal of Ijmiph nodes 

b. Neoplastic invasion of lymph nodes 

c. X-ray treatment 

b. Inflammatory 

1. Primary lymphangitis (cause unknown) 

2. Secondary lymphangitis due to 

a. Pilariasis 

b. Trichophytosis 

c. Local tissue injury or inflammation (lacerations, bites, 
burns, furuncles, other local infections, chemical, non- 
bacterial) 

3. Erysipelas 

c. Calciflcation and flbrosis 

d. Chylous ascites — secondary to obstruction of the thoracic 
duct (mention cause) 

B. Nonobstructive 

a. Lymphatic flstula 

b. Unclassifled 

DISEASES OP MINUTE VESSELS 

A. Increased fragility 
1. Infectious purpura 

a. Pneumonia 

b. Septicemias, especially streptococcus 
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e. Exanthemata 

d. Other infectious diseases 

2. Toxic purpura 

a. Arsenic 

b. PhosphoiTis 

c. Phenolphthalein 

d. Numerous other drugs (individual susceptibilities) 

e. Snake venom — insect venom 

3. Purpura due to avitaminosis C.K. (PJ) 

4. Hematogenic purpura 

a. Thrombocytopenia 

b. Leucemia 

e. Aplastic anemia 

5. Purpura secondary to increased venous pressure 

6. Menstrual or menopausal purpura 

7. Senile purpura 

8. Idiopathic purpura 

Henoch’s purpura 
Schoenlein ’s purpura 

B. Increased permeability 

1. Angioneurotic edema 

2. Urticaria 

3. Sensitivity to physical agents 

a. Mechanical irritation 

b. Cold 

c. Heat 

4. Local inflammation 

5. Vasomotor collapse 

6. Shocks 

7. Burns 

CLASSES ACCORDING TO SE^^^:RITY 

Class 1. Without symptoms 

2. With symptoms — without organic changes 

3. With sjanptoms — with organic changes 

4. With loss of substance, ti’ophic changes, gangrene, ulceration, 
etc. 

The Nomenclature Committee of the Section for the Study of the 
Peripheral Circulation of the American Heart Association has prepared 
the first section of the Nomenclature of Diseases and Abnormalities 
of the Blood and Lymph Vessels. This section includes the blood and 
lymph vessels of the extremities only. The Committee has been aided 
by the advice and constructive criticism of all the Fellows of the Sec- 
tion and numerous other authorities in special divisions of the fleld. 



IstomenclAturIc 


(555 


Acknowledgment is especially due to the Executive Committee of the 
American Society for the Control of Cancer, which, under the Chair- 
manship of Dr. Frank Adair, compiled the subdivisions entitled “Tu- 
mors of the Blood Vessels” and “Tumors of the Lymph Vessels.” 

This Section is published at this time in order to provide a list of 
preferred and universal terms which maj'^ be used by authors, research 
workers, and all others interested in this field. It is recognized, how- 
ever, that any nomenclature of this nature must be continuously re- 
garded as in a fluid state, subject to frequent revision, and that this 
is not considered by the Committee to be a final listing. 

The second section of this Nomenclature, including hypertension, 
nephritis, and associated diseases will continue in a state of prepara- 
tion. The rapid changes taking place in the conceptions of the mecha- 
nisms involved in these diseases make it appear unwise to publish even 
a tentative nomenclature at this time. It is thought that several more 
years of study may well be needed for this problem, and, therefore, 
although the committee firmly believes that these two sections of the 
nomenclature should ultimately comprise a single integrated concep- 
tion of diseases and abnormalities of the circulation, it will be helpful 
to present the section which has been most nearly completed at this 
time. 

Nomenclature Committee of the Section for the 
Study of the Peripheral Circulation of the 
American Heart Association. 

Irving S. Wright, M.D., Chairman 
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Nelson W. Barker, M.D. 
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William Goldring, M.D. 

E. A. Hines, M.D. 

Irvine H. Page, M.D. 

Gerald H. Pratt, M.D. 

Milton C. Winternitz, M.D. 
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PEDIARY SARCOMA OF THE HEART 

Report op a Case 

David R. Weir, i\I.D., akd Bekjamest C. Jones, Jr., j\I.D. 

Cle\-eland, Ohio 

|3RJMARY sarcoma of tlie ]ieart occurs rarely enougli to make the 
report of another case -wortli Avliile. DieholdJ in 1930, and Yater,^ 
in 1931, found forty-six eases in the literature. Twenty-nine additional 
cases were reported between 1930 and January, 1940, making a total of 
seventy-five eases. TJie diagnoses are given in Table I. 


Table I 


DIAGNOSIS 

NO. OF CASES 

Spindle cell sarcomas--* 

17 

Fibrosarcoma^. 5--, 2 - 

7 

Leiomyoblastic sarcomas 

1 

Rhabdomyosarcoma ( ? ) ® 

1 

Angiosarcoma^, 10, 11 

5 

Myxosarcoma^, 12, 13 

C 

Round cell sarcomas, k-m 

19 

Mixed cell sarcomas, 10 

5 

Giant cell sarcomas 

4 

L)Tnphosarcoma2, 20 

2 

Unclassified .sarcomass, 21-20 

S 

Total 

75 


Under angiosarcoma are included the two cases of Choisser and Ram- 
sey^^ which they regard as instances of typical Kaposi tumors and have 
called angioreticuloendotheliomas. They believe that careful review of 
the microscopic sections in all reported cases would disclose other tumors 
that could be put into the same classification. 

Larson and Sheppard’s® case of rhabdomyosarcoma in a 37-3'^ear-old 
woman is the onty one of several whicli have been reported in which 
reasonably good photomicrographic evidence is presented to confirm that 
diagnosis. However, even in their case the evidence is not unequivocal. 

In the twenty-eight eases which have been reported since 1930, the 
site of origin Avas mentioned in tAventy-four. In tAvelve of these the 
tumor arose from the right auricle. This corroborates Yater’s® state- 
ment that the right auricle is by far the most common site of origin. 
The presence or absence of metastases Avas noted in tAventy-one of the 

Erom the Department of Medicine and the Institute of Pathology, University Hos- 
pitals, and AA^'estern Keser\’-e University. 

Be'ceived for publication June 17, 1940. 
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twenty-eight cases, and thirteen of these twenty-one showed definite 
metastases. Diebold and Yater found that metastases were noted in 
only fifteen of their forty-six eases. 

CASE REPORT 

A 60-year-old white man entered the Lakeside Hospital complaining of dyspnea 
of eight weeks’ duration. For nine years before entry he had come on numerous 
occasions to the Outpatient Department complaining of a variety of seemingly 
neurotic symptoms. Except for slight hj'pertension (168/98), which was discovered 
eight years before admission, there had been no abnormal physical signs. About 
eight weeks before admission lie began to have definite shortness of breath on 
exertion, without orthopnea or paroxysmal nocturnal dyspnea. This was associated 
with slight precordial pain. Two electrocardiograms which were taken at that 
time showed left axis dei’iation, but no evidence of myocardial infarction. The 
dyspnea continued, and he gradually developed cough and loss of appetite. Four 
weeks before entry the cough became productive of bloody sputum, and rales were 
heard at the bases of the lungs. A roentgenologic examination five days before 
admission showed small areas, measuring up to 2 cm. in diameter, of increased 
density scattered througliout both lungs. 

At the time of admission to the hospital, phj'sical examination revealed a well- 
developed, well-nourished white man who was having moderate respiratory distress. 
There was slight cyanosis of the lips and finger tips. The heart was somewhat 
enlarged to the left, and the aortic second sound was accentuated. No significant 
murmurs were heard. Scattered patches of rales were heard throughout both 
lungs. The breath sounds were diminisJied over tlie left apex posteriorly, but there 
was no evidence of consolidation of the lungs. The edge of the liver was 
slightly tender and was palpable 2 cm. below the costal margin. The abdomen was 
odierwise normal. The prostate was moderately enlarged, symmetrical, and witliout 
nodules. There was no fluid in any of the body cavities, and no peripheral edema 
was present. 

The temperature was 37.7° C. ; the pulse rate, 100; the re.spiratory rate, 23; 
and the blood pressure, 134/70. 

The urine was normal. The erythrocyte count was 3,330,000; the hemoglobin 
was 66 per cent, and the leucocyte count was 12,250, with 77 per cent poly- 
morphonuclear leucocytes. The Kline exclusion test was negative. The blood urea 
nitrogen was 21 mg. per 100 c.c. Smears of the sputum showed a variety of cocci 
and many budding, yeastlike organisms. The sputum cultures yielded yeasts. 
Streptococcus hemolyticti-s, Streptococcus viridans, and Staphylococcus alhus. 

A roentgenologic examination of the chest on the first hospital day showed a 
questionable increase in the size of the lesions in the lungs, and it was thought 
that many of the lesions had a distinctly nodular appearance. 

On the day after admission, auricular fibrillation set in, with a ventricular rate 
of 104 and a radial pulse rate of 80. The diagnosis was confirmed by an 
electrocardiogram. The following morning at 9 o’clock, tlie auricidar fibrillation 
was still present. At about 11 a.m. the patient suddenly became extremely dyspneic. 
The pulse rate was found to be 180 and the pulse was regular. An electro- 
cardiogram showed auricular flutter. In spite of emergency measures he died 
about twenty minutes after the onset of the flutter. 

POST-MORTEM EXAMINATION 

The essential autopsy observations were limited to the heart, lungs, and adrenals. 

The heart was firmly adherent to the pericardium; together, they weighed 970 Gm. 
From the medial and anterior aspects of the wall of the interior of the right 
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atrium there arose a large, firm, yellowish-brown papillary tumor which com- 
pletely filled the right auricular appendage, extended over the anterior leaflet of 
the tricuspid valve, and up the superior vena cava as far as the ostium of the 
left subclavian vein. The main tumor measured 10 x 3 x 2.5 cm. and had invaded 
the myocardium of fhe auiddes and right \-entricle. There was no endocarditis or 
valvulitis. 

The parenchyma of both lungs was studded with innumerable discrete and 
confluent grayish-purxfie nodules of tumor tissue, measuring up to 2 cm. in diameter. 
No single, large, tumor .mass was found in either lung, and no nodules were seen 
arising from the larynx, trachea, or bronchi. 

The medulla of cacli adrenal was infiltinted by tumor tissue, which, in one, 
measured 2 cm., and, in the other, 1.5 cm. in diameter. 

J/icroscopic Examination . — Sections through various portions of the tumor, 
stained with hematoxylin and eosin, showed small groups, .slightly whorled and 
interlacing cords, and solid sheets of cells. The cells were supported by a 
moderate amount of stroma. There were extensive invasion and destruction of 
the myocardium and epicardium. IMany small and large areas of necrosis and 
hemorrhage were present. From place to place throughout the tumor there was 
striking pleomorphism. However, the predominating type of cell was of moderate 
size, elongated, with homogeneous acidophilic cytoplasm. The nuclei were round 
or oval and occupied from one-third to one-half of the cell volume. They wmre 
vesicular and contained a fine network of chromatin and one or two indistinct 
nucleoli. Numerous normal mitotic figures were present, but there were no multi- 
nucleated cells. In some areas the cells were completely undifferentiated and 
resembled both epithelium and reticulum cells. In other areas they were pre- 
dominantly spindle-shaped, with sausage-.shaped nuclei, long, tapering, cytoplasmic 
processes, and parallel bundles of extracellular fibrils. Scattered throughout the 
tumor were a few large cells with vesicular, hypochromatic nuclei. Tliese contained 
intracellular fibrils, as sliown by the phospliotungstic acid -hematoxjiin stain, and 
resembled myoblasts. 

Sections stained by tlie van Gieson and azocarmine methods showed that the 
supporting stroma of the tumor contained only a small amount of collagen. 
Sections of the tumor stained by the pho.sphotungstic acid hematoxylin method 
failed to reveal cross striations in any of the tumor cell.?. 

Microscopic examination of the tumor nodules wdiich were found in the lungs and 
adrenals showed tliat they were histologically identical with those in the heart. 
Throughout the lungs, tumor was found in the peribronchial tissues and, in several 
sections, was found to have grown through the bronchial wall into the lumen. In 
these areas there was slight hemorrhage into the bronchi. 

A clinical diagnosis of carcinoma metastatic to the heart and lungs, primary 
source undetermined, was made. The tumor was thought to involve the heart be- 
cause of the unexplained cardiac failure and the appearance of auricular fibrilla- 
tion and auricular flutter for no apparent reason. Except for mild hj’pertension, 
no clinical evidence of the common forms of heart disease could be found. 

The largest tumor was in the right atrium. The direct and irregular invasion of 
neighboring structures was more like the growth of a primarj^ than a secondary 
tumor of this region. The focalized, nodular character of the tumors in the lungs 
and adrenals was what would be expected of metastatic lesions. The tumor was 
histologically the same everywhere. The gross and microscopic character of the 
various lesions indicated that the tumor was primary in the heart. The involvement 
of the lungs and of the two adrenals was caused by blood vasciflar dissemination. 

The sarcomatous nature of the neoplasm w-as evident. The absence of cross 
striations and the fact that no rods were found in the large, spherical cells excluded 
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rliabdomyomatous tumor. Because of the presence of fibrils, which were like myo- 
fibrils, because of the fibrillar content of the cj'toplasm of the large, spherical cells, 
and because of the nuclear forms in the elongated cells. Dr. Howard T. Karsner 
classified this sarcoma as a leiomyosarcoma. This view was shared by several other 
e.xperienced pathologists who saw the material, but not by one pathologist, who be- 
lieved that it was a mesothelioma. Altliough it undoubtedly originated in the right 
atrium, the exact point of origin could not be ascertained. 



Fig:. 1. — Larger field shows invasion of epicardial fat by tumor made up of elongated 
cells with "sausage-shaped” nuclei. Cytoplasm shows barely visible longitudinal fibrils. 
Hematoxylin and eosin (X450). Smaller field shows, in the middle, definite longitudinal 
fibrils. Phosphotungstic acid hematoxylin (X540). 

COMMENT 

The clinical diagnosis of primary or secondary tnmor of the heart 
has been made fairly frequently in recent years. The majority of 
these diagnoses were made by means of the following criteria, as 
summarized by Yater and others : unexplained congestive heart failure, 
unexplained electrocardiographic changes, such as heart block and 
nodal rhythm, unexplained auricular fibrillation and auricular flutter, 
signs of acquired pulmonic stenosis, other signs of obstruction of blood 
flow through the heart without obvious cause, failure to respond to 
digitalis, bloody pericardial effusion, and roentgenologic evidence of 
irregularities of the cardiac shadow. When a primary malignant tumor 
is knoAwi to exist elsewhere in the body, metastatic involvement of the 
heart may be more readily suspected when some of the above manifesta- 
tions are present. 

SUMMARY 

This ease of primary sarcoma of the heart brings to seventy-six the 
total number of cases of this disease now on record. This includes 
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two eases in wliieh the tumor was regarded as an angioreticuloendo- 
thelioma. Various signs and symptoms led to a correct clinical diag- 
nosis of cardiac neoplasm. 
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Graybiel, A., and White, P, D.: Diseases of the Heart. A Review of Significant 

Contributions Made During 1940. Arch. Int. Med. 67: 1061, 1941. 

This is the annual review of diseases of the heart in this journal. Particular 
emphasis is given to the medical problems associated with the World War, especially 
the examination of the heart in the selection of military personnel. Attention is 
directed also to neurocirculatory astlienia. 

McCulloch. 

Boyd, T. E., and Patras, Mary C.: Variations in Filling and Output of the Ven- 
tricles With the Phases of Respiration. Am. J. Physiol. 134: 74, 1941. 

A method of cardiometric recording, designed for use with the chest closed, is 
described. It maintains on the ventricles an external pressure which is always 
approximately equal to intrathoracic pressure, varj-ing in the normal manner 
with the phases of respiration. It can be alternatively used in such a way that 
the ventricles are left under constant atmospheric pressure. 

With the ventricles under atmospheric pressure, diastolic volume and stroke 
output diminish markedly with inspiration (confirming the findings of earlier in- 
vestigators). These are abnormal effects, due to the artificially high resistance 
against which the ventildes are filled. 

With the ventricles under intrathoracic pressure, combined diastolic volume and 
stroke output of the two ventricles are augmented with inspiration. These effects 
are most pronounced wdien inspiration is deep and prolonged. They are relatively 
small in quiet eupneic breatliing and are minimal wlien breathing is rapid and 
shallow. 

Authors. 

Keys, A.: Estimation by the Foreign-Gas Method of the Net (Systemic) Cardiac 

Output in Conditions Where There Is Re-Circulation Through the Lungs. Am. 

J. Phj-siol. 134: 268, 1941. 

Some fundamental kinetics have been analyzed for the gas absorption by the 
blood in the foreign-gas methods for estimation of the cardiac output in man. The 
discussion applies specifically to the acetylene method but the conclusions apply to 
the other foreign gases. 

It is shown that the absorption proceeds according to an equation of the first 
order, and the mathematical analysis is developed accordingly. 

The condition where recirculation occurs in the lungs is analyzed in detail, and 
equations are derived for the proper computation of the true systemic circulation 
in such cases. The variables involved are the concentrations of the foreign gas in 
the gas samples from the lung-bag system, the fraction of blood recirculated 
the short-circuit time, and the total time between samples. Graphs for computations 
with these variables are presented. 
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It is shown that recirculation tlirough the lungs in the presence of patent ductus 
arteriosus or interventricular septal defects does not necessarily introduce a serious 
error and that this error may be estimated. 

It is shown that recirculation of blood from the coronary system cannot introduce 
an appreciable error. 

The error resulting from the common assumption that the absorption of the 
foreign gas is linear with time is discussed and shown to be ordinarily small. Means 
are provided to estimate this error by equations and a graph. 

Timing of the gas sampling is discussed. It is shown that the second sample 
may be taken later than is frequently believed i)ossible. When there is recirculation, 
the first sample should be delayed four to five seconds, but it is shown that two to 
three seconds are not critical. 

Eesults of forty-one studies on twenty-two patients with patent ductus arteriosus 
are presented in summary form. The average cardiac index is normal or close to 
it in this group. 

It is indicated that many criticisms of the foreign-gas methods are invalid be- 
cause they are based ‘ on quantitative misconceptions. On the other hand the im- 
portance and difficulty of physiologic standardization in cardiac output measurements 
are frequently underestimated. 

Author. 

Holt, J. P.: The Collapse Pactor in the Measurement of Venous Pressure. The 

Plow of Pluid Through Collapsible Tubes. Am. J. Physiol. 134: 292, 1941. 

Eight auricular and peripheral venous pressures were measured in dogs breathing 
from a chamber in which the pressure varied between 20 cm. of water above at- 
mospheric and 20 cm. below. It was shown that, when auricular pressure was de- 
creased greatly, and in some cases when auricular pressure was increased slightly, 
the peripheral venous pressure remained constant. In most cases when auricular 
pressure increased, the peripheral venous pressure was increased. 

The flow of water through collapsible tubes such as the jugular vein of the dog 
was studied in a model. When fluid is flowing through a partially collapsed tube, 
increasing the pressure on the upstream side of the partially collapsed segment de- 
creases the resistance to flow through the collapsible segment and increases the rate 
of flow, whereas lowering the pressure on the downstream side of the collapsible 
segment increases the resistance to flow through the collapsible segment and either 
does not change the rate of flow or decreases it slightly. An increase in the jacket 
pressure around the collapsible tube increases the resistance to flow through the 
collapsible segment and decreases the rate of flow. 

As a collapsible tube, having fluid flowing through it, starts to collapse, it pulsates; 
as it becomes more collapsed, the pulsation increases in rate; and on further collapse 
the pulsation apparently disappears. 

The length of the collapsible tube is not important in controlling the length of 
the partially collapsed segment. It appears to be necessary only that the tube be 
long enough and relaxed enough to collapse in order to give the results described, 
and any length of collapsible tube greater than this length acts merely as a dilated 
or rigid tube. 

Author, 

Pitts, R. F., Larrabee, M. G., and Bronk, D, W.: An Analysis of Hsqjothalamic 

Cardiovascular Control. Am. J. Physiol. 134: 359, 1941. 

Stimulation of the hypothalamus of the anesthetized cat with brief repetitive 
condenser shocks of moderate intensity leads, after a latency of less than 0.1 second, 
to an abrupt increase in activity of sympathetic nerves to the heart and blood ves- 
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sels. This activity ceases equally abruptly when stimulation is stopped, and for a 
variable period thereafter all spontaneous activity in these nerves is inhibited. There 
is no evidence under the conditions of our experiments that any sympathetic after 
discharge results from hypothalamic stimulation. Blood pressure begins to rise one 
to two seconds after the start of hj'pothalamic stimulation and may continue to rise 
and remain elevated several seconds after stimulation is stopped. The delay in the 
rise of blood pressure and the prolongation of the rise result from latency and 
inertia of the sympathetic effector, not from any corresponding delay or persistence 
of neural activity. 

An increase in intensity or frequency of hj'pothalamic stimulation increases the 
magnitude and duration of the rise in blood pressure. This increased effector re- 
sponse is brought about by an increase in the number of sympathetic motor neurones 
set into activity and bj' an increase in the frequency of response of each neurone. 

Multiple pathwaj's descend from both sides of the hypothalamus to make con- 
nection with each sympathetic motor neurone. The frequencj' of response of the 
neurone is a function of the number of these pathwa 3 's excited and of the fre- 
quenej' at which thej' are excited. 

"iVliile stimulation of the lateral and posterior portions of the hypothalamus yields 
responses of greater magnitude, no qualitative differences have been noted on stimu- 
lation of the preoptic, tuberal, or mammillary divisions. 

The buffer reflexes which control the spontaneous sympathetic outflow from the 
medullary centers also moderate the outflow induced bj^ hj’pothalamic stimulation. 
Activation of the buffer afferents maj' inhibit all response of sympathetic motor 
neurones to hypothalamic stimulation or reduce the number of these neurones re- 
sponding. Similarly the frequencj’’ of response of any single neurone may be reduced 
or the response entirely abolished by activation of the buffer afferents. The buffer 
afferents impress a pulse modulation upon mild increases of sympathetic activity 
which result from hj^pothalamic stimulation in exactly the same way that they 
modulate spontaneous sympathetic outflow. These facts are interpreted as indicating 
that sympathetic responses from hypothalamic stimulation are mediated through 
medullary sympathetic centers, not by direct connection of descending hypothalamic 
pathways with sympathetic motor neurones. 

The frequency of firing of a sj'mpathetic motor neurone in response to hypo- 
thalamic stimulation is determined by the level of excitation maintained bj" the 
hj^pothalamic volleys, the time course of the recovery cycle, and the degree of activity 
of inhibitory afferents at some critical point between hypothalamus and motor 
neurone. 

Authors. 

Brace, D. E., Scherf, D., and Spire, L. J.: The Effect of Cyclopropane on the Blood 

Pressure, Stroke-Volume, and Heart Size of the Dog. Anesthesiology 2: 261, 

1941. 

The blood pressure and cardiac pletlij^smograms were registered in dogs during 
and immediately after the administration of cyclopropane for 4.5 to five minutes. 

The blood pressure showed a very slight initial rise and then a slow fall lasting 
about two minutes. During the third and fourth minutes the blood pressure began 
to rise, and it continued to rise for a few minutes after the anesthesia was stopped. 
Then it fell gradually to its original level. After the anesthesia was discontinued 
for twentj' seconds, a steep rise in the pressure was follow’ed by a fall of ten sec- 
onds’ duration in 50 per cent of the experiments. 

The amplitude of the pulse waves in the blood pressure tracings diminished 
during the administration of cyclopropane and rose soon after it had been stopped. 



564 


THE AMERIC-AH HEART JOURNAL 


During the admhustriition of the drug, the plethysuiogrnm sliou-ed that a marked 
dilation of the lieart occurred in diastole and a less marked dilation in systole. Al- 
though the output increased, .slight stasis occurred in the heart. About twenty 
seconds after the administration of cyclopropane was stopped, systole became more 
forcible and the cardiac volume smaller in sj'stole and diastole. The changes during 
the systolic phase were more rapid. The stroke volume increased markedly. 
Arrhjdhmias were never observed. Cardiac alternans appeared frequently. 

AUTIIOR.S. 

Weam, Joseph T.: Observations on the Morphology and Functions of Some of the 
Components of the Coronary Circuit. William Sidney Thayer and Susan Read 
Thayer Lectures. Bull. Johns Hopkins Hosp. 68: 35.3, 1941. 

Factors influencing the volume and distribution of coronary blood flow are as yet 
imperfectly understood. Krogh has demonstrated the intermittence of blood flow in 
the smaller vessels in .skeletal muscle. Richards and Schmidt observed an inter- 
mittence of flow in the frog’s glomeruli, and Bordlc.y, Grow, and Sherman have 
observed an intermittent flow in the capillaries of the skin. Pulmonarj- vessels 
behave similarly. In our laboratory during the past ten years numerous attempts 
have been made to get evidence of intermittent flow in the heart. To date, however, 
the evidence from injection experiments in living hearts indicates that the heart 
utilizes all of its capillaiies at all times. The slowly beating heart and the rapidly 
driven heart under increased load, when injected with a dye, usually show a com- 
plete injection of all available capillaries. The.se c.xperiments, which are still in 
progress, are by no means final, but the re.sults .so far suggest that intermittence of 
flow does not occur in the coronary circuit. 

Author. 

Wearn, Joseph T,: Alterations in the Heart Accompanying Growth and Hyper- 
trophy. William Sidney Thayer and Susan Read Thayer Lectures. Bull. Johns 
Hopkins Hosp. 68: 363, 1941. 

The changes occurring in hypertrophy increase the distance over which oxygen 
and metabolites must travel, and in the absence of any obvious compensatory mech- 
anism, such as an increase in the myoglobin content, or an increase in the percentage 
saturation of oxygen in the coronary venous blood, one might raise the question as to 
whether hypertrophy is an actual hindrance to the efficiency of the heart. Whether 
a compensatory increase in the volume of blood flow in the coronary circuit occurs 
with hypertrophy is unknown. 

Author. 

Dally, J. F. Halls: Life and Times of Jean Nicholas Corvisart. Proc. Roy. Soe. 
Med. 34: 239, 1941. 

This historic biographic .sketch of Corvisart in medieval medicine describes 
his contributions to the development of the modern study of cardiology. 

McCulloch. 

Schecter, A. E., Wiesel, B. H., and Cohn, C.: Peripheral Circulatory Failure in 
Diabetic Acidosis and Its Relation to Treatment. Am. J. M. Sc. 202: 364, 1941. 

Eight patients wdth diabetic acidosis rvere studied. Initially elevated hemoglobin, 
hematocrit and serum protein -with a decrease following administration of fluids 
showed the presence of dehydration and liemoeoncentration. Peripheral blood flow 
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in the liand, as measured by the plethysmograpli, was reduced. Venous oxygen satura- 
tion was high in the presence of marked reductions in peripheral blood flow. 
Physiologic evidence presented supports the clinical impression of the existence of 
peripheral circulatory failure in diabetic acidosis. The existence of an unusually 
high venous oxygen saturation in the presence of a reduced peripheral blood flow 
suggests a failure of oxygen utilization by the tissues. Possible causes suggested 
for the failure of oxygen utilization are (1) inability to utilize carbohydrate; (2) 
ketosis, or (3) acidosis. These findings point out the existence of a histotoxic 
as well as a stagnant anoxia in the peripheral circulatory failure of diabetic acidosis. 

The importance of the prompt restoration of blood volume and the maintenance 
of adequate circulation in the treatment of diabetic acidosis is stressed. 

Authors. 

Cos, A. J., Jr., and Dock, W.: The Capacity of the Renal Vascular Bed in Hyper- 
tension. J. Exper. Med. 74: 167, 1941. 

By using kerosene and avoiding post-mortem rigor, one can obtain perfusion 
rates in kidneys nearly five times faster than those reported by observers who per- 
fused kidneys immediately post mortem with saline solution, only half as viscous as 
kerosene. 

The results obtained by kerosene perfusion indicate possible renal blood flow 50 
to 100 per cent greater than that measured by Smith and his co-workers in living 
men by diodrast clearance under normal conditions, and about as high as those ob- 
served in febrile subjects. Like the diodrast method, kerosene perfusion shows a 
striking decrease in renal vascular bed between early maturity (age 18 to 35) and 
senescence (45 to 60). This decrease is about 25 per cent. 

Most kidneys from patients with hypertension without uremia have vascular beds 
in the normal range, but a few show great decreases in capacity for blood flow. 
This evidence is interpreted as another indication that renal arteriosclerosis is often 
a result, rarely a cause of hypertension. Significant occlusion of large renal arteries 
is rare. 

Uremia due to amyloid may occur with no significant decrease in renal vascular 
bed, but the uremia of renal sclerosis, glomerulo- or pyelonephritis is associated with 
reduction of vascular bed to very low levels. 

Authors. 

Dock, W.: The Capacity of the Coronary Bed in Cardiac Hypertrophy. J. Exper. 

Med. 74: 177, 1941. 

After the elimination of vascular rigor, perfusing human hearts with kerosene 
under pressure post mortem gives values for coronary flow which seem to be an 
index of the maximum possible flow during life. This is 3.1 c.c. per gram per minute 
at 100 mm. Hg in normal men under 40. It is 35 per cent lower in the hearts of 
those 60 to 80 years old and also falls in hypertrophied hearts. In old people it is 
30 per cent lower in hearts over 600 Gm. than in those under 350; in patients 40 
to 60 years old it is 37 per cent less in hearts over 600 as compared with those under 
350 Gm. 

In discussion it is brought out that, while the decrease in coronary capacity 
associated with age or hj'pertrophy may play a part in predisposing some hearts to 
congestive failure, there is no evidence that the hypertrophied heart has an inade- 
quate oxygen supply or that its fibers are too thick for adequate oxygen diffusion. 
Congestive failure cannot be ascribed to anoxia except in the presence of severe 
anemia, coronary occlusion, or tachycardia with low blood pressure. Decrease in 
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perfusibility witli age and growth may be a perfectly normal adaptation to the needs 
of the tissue; the perfusibility of the heart of the young adult is about half that of 
an infant of 2 years. 

Author. 

Wolf, S., and Hardy, J. D.; Studies on Pain. Observations on Pain Due to Local 

Cooling and on Factors Involved in the “Cold Pressor” Effect. J. Clin. In- 
vestigation 20: 521, 1941. 

Pain due to local cooling is altogether separate from the sensation of cold itself. 
It is apparently mediated tlirougli .small, nonmyelinated fibers of class C. Its in- 
tensitj', however, depends direetlj’ upon the degree of cooling. The stimulus required 
for the production of “cold pain” may be found in the thermal gradient in the 
tissues of the immersed hand. It is possible that this stimulus brings about a pain- 
ful vasospasm in tlie part. Pelaxation of this local vasospasm may occur as the 
thermal gradient is decreased, thus accounting for “adaptation.” It appears that 
the “cold pressor” effect is a measure of reaction to pain. 

Authors. 

Abramson, D. I,, and Fierst, S. M. : The Peripheral Vascular Eesponse to Exercise 

in the Hyperthyroid State. J. Clin. Investigation 20: 517, 1941. 

The post-exercise blood flow repayment was generally found to be much gr-eater 
in the h 3 'perth 3 roid state than in the period following subtotal thjroidectomj’. 

A correlation was apparent between the level of oxygen consumption and the 
magnitude of the excess blood flow elicited bj' the exercise. 

Exercise places a much greater load upon the circulation in iLvpertlijroidism 
than in the normal state. 

Authors. 

Dressier, M., and Moskowitz, S. N.: Fetal Electrocardiography and Stethography. 

Am. J. Obst. & Grnec. 41: 775, 1941. 

Forty gravidas were studied routinel}' in the last two months of pregnancj’ to 
determine the diagnostic significance of the fetal electrocardiogram and the fetal 
stethogram, separately and simultaneous!}', in evaluating the presence of a viable 
fetus. The individual value of each method was enlianced bj' the combined study. 

The fetal stethogram was positive in 100 per cent of the cases, the fetal electro- 
cardiogi-am in 80 per cent. 

The stethogram is helpful in studjdng the rate, rhj’thm, and regularity of fetal 
heart sounds, the sj^stolic ' and diastolic phases, murmurs, the uterine souffle, and 
fetal movements. The intensity of fetal heart sounds depends upon the site at which 
the microphone is applied, and upon maternal and fetal conditions. In most cases 
the second sound is louder than the first. As a rule, diastole is longer than systole, 
but in the presence of fetal taehj'cardia they may become equal. 

The electrocardiogram is valuable in the presence of positive tracings. The ab- 
solute diagnosis of fetal presentation is made by the fetal electrocardiogram. If the 
waves are negative, a vertex presentation is present; if positive, a breech presenta- 
tion is present. In the presence of an equal sj'stolic and diastolic phase, the first 
sound is recognized by its relationship to the E wave of the fetal electroeardigram. 

The factors involved in negative electrocardiograms are a nervous mother, a small 
fetus, maternal tachycardia, and possibly fetal sinus arrhythmia. 

The combined tracings give permanent records of documental value. The ma- 
ternal electrocardiogram is also recorded. 
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Tlie use of fetal electrocardiograpli}^ and fetal stetliograpliy for routine and con- 
sultation purposes is recommended because of the simple procedure involved and the 
ease with wliich tracings can be interpreted. 

A case of breech presentation with positive tracing in Lead I, and variations in 
maternal and fetal rate is discussed. 

Authors. 

Hoff, H. E., Nahum, L. H., and Kaufman, W.: The Nature of Leads I and III 

of the Electrocardiogram. Am. J. Physiol. 134: 390, 1941. 

Lead I records the algebraic summation of the anterior levocardiogram and the 
posterior dextrocardiogram. 

Lead III records the algebraic summation of the anterior dextrocardiogram and 
the posterior levocardiogram. 

Authors. 

Nahum, L. H., Hoff, H. E., and Kaufman, W.: Formation of the E, Complex of the 

Electrocardiogram. Am. J. Physiol. 134: 384, 1941. 

The E complex of the electrocardiogram results from the algebraic summation 
of the initial portions of the dextro- and levocardiograms. 

When the E complex is upright, its initial deflection is the upstroke of the 
dextrocardiogram, while the downstroke is produced by the onset and develop- 
ment of the levocardiogram. 

When the E complex is directed downward, the downstroke is the initial por- 
tion of the levocardiogram, while the upstroke is produced by the onset and de- 
velopment of the dextrocardiogram. 

The amplitude of the E complex varies vrith the interval separating onset of 
the dextro- and levocardiograms. The maximum amplitude is limited by the ampli- 
tude of the component dextro- or levocardiograms. 

Authors. 

Tactuini, Alberto C.: The Electrocardiogram in Experimental Chagas Disease. 

Eev. argent, de cardiol. 8: 115, 1941. 

Inoculation of puppies with Tripanozoma Cruzii is followed by marked electro- 
cardiographic alterations — arrhythmias and changes in auricular and ventricular 
complexes, evidence of myocardial damage. 

Author. 

Steele, J.: Evidence for General Distribution of Peripheral Eesistance in Coarcta- 
tion of the Aorta: Eeport of Three Cases. J. Clin. Investigation 20: 473, 

1941. 

Review of the knowledge of levels of arterial pressure in 217 cases of coarctation 
of the aorta makes untenable the assumption that increase in peripheral resistance 
is situated in the upper half of the body only. 

In two of three eases of coarctation of the aorta, diastolic pressure has been 
siiown by intra-arterial measurement to be elevated above 100 mm. Hg in the 
femoral as well as in the radial arteries. This is interpreted as evidence of general 
increase in arteriolar tone throughout the body. 

In so far as the distribution of peripheral arteriolar resistance is concerned, 
arterial hypertension in coarctation of the aorta does not differ from the common 
forms of arterial hypertension. 


Author. 
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Liebow, A. A., and. McFarland, W.: “Corrected Transposition,’’ and Persistent 

Rudimentary “Right Aorta’’ as Evidence in Support of Spitzer’s Theory. 

Arch. Path. 32: 356, 1941. 

In this study Spitzer’s theory has received confirmation (1) in the analysis of 
a very complex anomaly, bulboventricular inversion with transposition of the 
great vessels, and (2) in suggestive direct evidence of the existence of a homologue 
of the reptilian right aorta, which is recorded for the first time as observed in an 
anomalous human heart. 

Authors. 

Hahn, P.: Reflections on the Mechanism of Spontaneous Rupture of the Heart. 

Cardiologia 5: 33, 1941. 

In a case of mitral disease, which developed over several years and ended with 
massive pulmonary embolism, a rupture of the endo- and myocardium in the vicinity 
of the right auricle was found. Blood had infiltrated into the subepicardial tissue. 

The histologic examination of the site of the rupture revealed no prior lesion that 
could have explained the tear: the in toto definitely hypertrophic wall of the 
ventricle showed decreased thickness of the myocardium between the trabicles; 
the fibers of the myocardium were, however, unchanged. Microscopic examination 
of other parts of the heart revealed no damage. 

Apart from mitral stenosis (without fresh inflammatory changes) and hyper- 
trophy', the heart was in good condition. This permits the assumption that the 
overpressure in the ventricle caused by the pulmonary' embolism was responsible for 
the rupture. 

After consideration of the physical and hemodynamic appearances, an attempt was 
made to account for the potentials concerned in the genesis of the rupture. 

This consideration showed the complexity of these laws and the experimental 
difficulties to be overcome in order to clear up the problem. With regard to the right 
of the heart the data so far at our disposal are very' incomplete; all former experi- 
ments had reference to large circulation, which is more amenable to research. 

Author. 

Blumgart, H, L., Schlesinger, M. J., and Zoll, P. M.: Multiple Fresh Coronary 

Occlusions in Patients With Antecedent Shock. Arch. Int. Med. 68: 181, 1941. 

In a series of 350 cases, eleven were found in which the heart showed multiple 
fresh coronary arterial occlusions, all occurring in the presence of shock. Of these, 
eight were instances of multiple thrombosis and three were instances of multiple 
fresh nonthrombotie occlusions. The shock was due to conditions other than myo- 
cardial infarction in eight of these eleven cases. In all, the patients were elderly and 
gave marked clinical and pathologic evidence of coronary disease. In addition, a 
single fresh coronary occlusion was found in thirty-eight cases, in twenty-two of 
which it was due to a thrombotic and in sixteen to a nonthrombotie mechanism. 
Shock due to noncardiac causes or congestive failure was present in approximately' 
half of these cases. 

Shock, no matter how produced, may' lead in elderly patients, particularly in those 
showing evidence of coronary' arteriosclerosis, to the development not only of single, 
but often of multiple, fresh coronary arterial occlusions. To avert such disastrous 
complications, the manifestations of shock, such as lowering of blood pressure, 
tachycardia, and dehydration, must be combated with particular vigor in these pa- 
tients. 


Author. 
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Sim'burg, E. J.: Spontaneous Cardiac Eupture. Canad. M. A. J. 45: 112, 1941. 

Two cases of spontaneous cardiac rupture are reported from our ow'n service. 
The clinical and pathologic findings agree essentially with those of several larger 
investigations. The latter are discussed in some detail. 

Author. 

Jason, E. S.: Insufficiency of the Aortic Valve Due to Syphilis: A Study of 

Its Genesis. Arch. Path. 32: 409, 1941. 

The syphilitic distortions of the aortic valve and ring generally accepted as the 
causes of insufficiency and the usual explanations of their genesis are described and 
discussed briefly. 

The study of a series of twentj^-seven syphilitic hearts, including gradations from 
chronic to fulminating lesions, disclosed aortic valve distortions falling outside of 
those commonly described, which could not be accounted for by the generally accepted 
explanations of pathogenesis. 

All of the valve distortions studied appeared to have been due to two processes: 
(a) a destructive inflammation of the aortic wall resulting in destruction and dis- 
lodgment of the cusp attachments at the commissures and (b) a reparative fibrosis. 

These two processes, destructive inflammation and reparative fibrosis, are set 
forth and discussed as the basic factors in the genesis of aortic insufficiency due 
to syphilis. Reference is made to earlier brief statements to this effect by Mallory 
and Norris. 

Support for the idea that destruction of tissue plays a significant part in the 
production of syphilitic valvular distortions is found in the partial reproduction of 
such distortions by dissection of normal valves. 

Author. 

Prado, A. De A.: Intrapericardial Aortic Aneurysm. Eev. argent, de cardiol. 8: 

105, 1941. 

A case is reported of intrapericardial aortic aneurysm confirmed by autopsy; 
during life it presented a difficult problem of differential diagnosis from a di- 
verticulum of the pericardium. 

The great size of the paracardiac tumor, its faint pulsation, the angulated form 
of the radiological contour, and the long course of the malady may be found in both 
cases. Synchronism of the tumor pulsations with those of the aortic arch as shown 
by roentgenkymograms may be a sign of aneurysm of diagnostic value. 

In cases of highly located intrapericardial aortic aneurysms, as the case reported, 
there is no typical syndrome which may distinguish them from extrapericardial 
aortic aneurysms, as Cossio and others hold. On the contrary, those of low, supra- 
valvular location, one case of which is briefly reported, have a tj'pical syndrome. 

Author. 

Bohnengel, C.: Auriculo- Ventricular Heart Block With Stokes-Adams’ Syndrome 

in a Patient With Syphilitic Heart Disease and Diffuse Myocarditis. J. Indi- 
ana M. A. 33: 617, 1940. 

A case presenting clinical and post-mortem evidence of syphilitic heart disease 
with aortic insufficiency, cardiac enlargement, and congestive heart failure is reported. 
The illness was complicated by auriculoventricular heart block and Stokes-Adams’ 
attacks. The patient died during an attack, and at autopsy a diffuse myocarditis 
was found in the interventricular septum. The combined clinical, laboratory, and au- 
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topsy findings point to S3-pliilis as a possible etiologic agent for the production of 
the lesion and its accompanying disturbance in conduction, but conclusive proof is 
lacking. 

Author. 

Carr, T. B.: Heart Disease in Pregnancy. M. Ann. District of Columbia 10: 1 

1941. 

In the first years following the establishment of the Prenatal Cardiac Clinic at the 
Boston Lying-In Hospital, there was a mortality rate of about 12 per cent among 
pregnant cardiac patients. This rate gradually fell, and in 1933 it was about 6.4 
per cent; at the present time less than 3 per cent of all cardiac patients succumb 
to the dangers of pregnane}-. It has been the experience at this hospital and also 
at the Worcester Citj- Hospital, where a similar clinic has been existent for about 
ten 3'ears, that nearlj- half of this expressed mortality occurs in patients who have 
not attended the clinic but have been hastilj- referred to the hospital with the sudden 
onset of critical heart failure. 

It is possible that with adequate prenatal care, wliich implies frequent and care- 
ful observation of the patient bj- the internist and the obstetrician, as well as im- 
plicit cooperation on the part of the patient, the mortality rate among pregnant 
cardiac patients might be gradualty lowered, to finally approximate the fatality rate 
in everydaj- obstetrics. However, there are several barriers that appear insuperable 
now, such as subacute bacterial endocarditis, accounting for O.S per cent mortality, 
and fatal embolism, also accounting for 0.8 per cent. It is wishful thinking to be- 
lieve the cardiac patient can be as good a risk as the normal woman. The astonish- 
ing and gratifj-ing feature is how liigh a percentage of them can bear children and 
apparentlj'- be none the worse for it. 

Author. 

Browning, J. S., and Clark, C. J.: Paroxysmal Auricular Tachycardia Complicating 

Pregnancy. J. Indiana hi. A. 34: 21, 1941. 

Two cases of paroxj-smal auricular taelumardia complicating pregnancy are 
reported. 

The incidence of this condition in pregnane}^ is rare, occurring in less than 1 
per cent of known cardiac patients and much less in otherwise normal persons. The 
history of previous attacks should warn of recurrence during pregnane}^. 

Paroxysmal auricular tachj'cardia usually occurs in otherwise normal hearts. 

Quinidine is an effective drug in stopping attacks of paroxysmal auricular tachy- 
cardia and may be used in pregnancy without fear of precipitating premature labor. 

Electrocardiographic evidence of myocardial damage is often unreliable, because 
it may represent merely cardiac fatigue. 

Authors. 

Schroeder, H. A., and Steele, J. M.; Studies on “Essential” Hypertension: H. 

The Association of Hypertension With Organic Eenal Disease. Arch. Int. Med. 

68: 261, 1941. 

Two hundred fifty cases of so-called essential hypertension haye been studied 
with a view to ascertaining the presence of organic renal disease. One hundred 
seventy-eight have been studied especially as regards the genitourinary tract. 
Evidence of renal disease of a nature not usually considered to be dependent on 
j^jrpertension has been found in 113 cases. 
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Organic renal disease is a common occurrence in cases of essential lij^pertension. 
Examination of the genitourinar 3 ’- tract for abnormalities is an important part of 
the study of cases of hypertension. A historj’- of renal disease often antedates the 
onset of arterial hypertension, even when no abnormality can be found. There 
is justification for regarding the condition in these cases no longer as ‘ ‘ essential ’ ' 
hypertension but a different disease. 

Authors. 

Corcoran, A. C., and Page, I. H.: Renal Aspects of Experimental and Clinical 

Hypertension. J. Lab. & Clin. Med. 26: 1713, 1941. 

This is a critical review of the recent publication describing the relationship be- 
tween the changes in the kidney and hypertension. It is stated that the final origin 
of hj^ertension remains obscure^ for the demonstration of the part played by the 
renal pressor system clarifies some aspects of its etiologj' but, at the same time, poses 
new problems. 

McCui,tx)Ch. 

Lamport, H.: Formulae for Afferent and Efferent Arteriolar Resistance in the 

Human Kidney: An Application to the Effects of Spinal Anesthesia. J. Clin. 

Investigation 20: 535, 1941. 

The application of Poiseuille ’s law to the kidney has been discussed, and formulas 
have been developed to measure clinically, in man, afferent and efferent arteriolar 
resistance. A practical application to available clinical data on the renal effect of 
spinal anesthesia (denervation) in normal man has also been offered. At present, 
while normal man may lack tonic central nervous control of renal blood flow, this 
does not appear to have been demonstrated. The evidence also does not preclude 
autonomous control by the kidney of its blood supply. 

Incidentally', empirical formulas for the viscosity of human plasma and whole 
blood have been derived from observations in the literature. 

Author. 

Lamport, H.: The Relative Changes in Afferent and Efferent Arteriolar Resistance 

in the Normal Human Kidney. J. Clin. Investigation 20: 545, 1941. 

Formulas for the afferent and efferent arteriolar resistance to renal blood flow in 
man have been applied to available data for normal subjects under ischemic, basal, 
and hyperemic renal conditions. 

It has been found that the resistance of both sets of arterioles vary simul- 
taneously in maintaining constant glomerular filtration in the basal state and in 
ischemia and pyrogenic hyperemia of the human kidney. 

At the mean basal state, a 1 per cent decrease in renal blood flow per unit diodrast 
tubular mass is caused by approximately a 0.2 per cent decrease in afferent arteriolar 
resistance and a 0.9 per cent increase in efferent arteriolar resistance. 

The heat loss due to friction of the blood flowing through the efferent arterioles 
is not approximately constant. 

Author. 

Corcoran, A. C., Smith, H. W., and Page, I. H.: The Removal of Diodrast Prom 

Blood by the Dog’s Explanted Kidney. Am. J. Physiol. 134: 333, 1941. 

Diodrast intravenously infused in dogs is unequally distributed between the 
plasma and red blood cells, the distribution ratio between cell and plasma water be- 
ing approximately 0.50. 
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At low renal loads the extraction of diodrast from arterial plasma during its 
passage through the explanted kidneys of dogs averaged 0.84. Diodrast extraction 
was not affected by uninephrectomy. 

Renal extraction of diodrast from arterial red blood cells averaged 0.20. 

The removal of diodrast from arterial blood by the dog’s explanted kidney is 

such that at low renal loads the ratio P^^^ma diodrast clearance -^ annroximatelv n S7 

renal plasma flow appi o.ximately 0.87. 

Authors. 

Friedman, B., Jarman, J., and Klemperer, P.; Sustained Hypertension Following 

Experimental Unilateral Renal Injuries. Effects of Nephrectomy. Am. J. Med. 

Sc. 202: 20, 1941. 

Sustained hj-pertension was produced in rats bj’’ means of unilateral renal in- 
jury (perinephritis from enveloping the kidnej’' in a cellophane envelope). 

Hjmlinized and necrotic vascular lesions W'ere observed in some animals. Their 
presence was associated with rapidly rising severe hypertension but was not related 
to the duration of hj’pertension or to the presence of nitrogen retention. 

Removal of the injured kidney from the hypertensive animals resulted in a de- 
cline in blood pressure, not to the prehj'pertensive level, but to some point above it 
depending upon the seveiity of the hj'pertension. Maintenance of an elevated 
pressure long after removal of the injured kidney suggests that irreversible changes 
have occurred which may or may not be related to the changes in the vessels. 

Authors. 

Jeffers, W. A., Montgomery, H., and Burton, A. C.: Types of Orthostatic Hypo- 
tension and Their Treatment. Am. J. M. Sc. 202: 1, 1941. 

The physiolog}’^ of adaptation to the erect position is reviewed as the basis for an 
understanding of orthostatic hypotension. 

The physiologic importance of peripheral A'asomotor activity, plus changes in 
heart rate, -is emphasized. 

A clinical study of normal subjects, patients following sympathectomy, and those 
with orthostatic hypotension is reported, using chiefly the following criteria: blood 
pressure, pulse rate, digital blood flow, and skin temperature. 

According to their reactions to the tests above, our patients have been classified 
as having orthostatic hypotension due to slight, or marked impairment of reflex 
vasomotor function, or to mechanical defects in the circulatory system. 

These patients showed orthostatic hj'potension in association with: lesions of the 
central and peripheral nervous systems (communicating hydrocephalus, tabes dorsalis, 
and nerve injury secondary to arterial occlusion), the post-inf ectional state, and 
venous angioma. In one patient no etiology could be discovered. 

The clinical evaluation of patients with orthostatic hypotension is discussed and 
a rationale of treatment is outlined. 

Authors. 

Galdston, M., Govons, S., Wortis, S. B., Steele, J. M., and Taylor, H. K.: 

Thrombosis in the Common, Internal and External Carotid Arteries. Arch. Int. 

Med. 67: 1162, 1941. 

The case histories of two patients with right hemiplegia and mixed aphasia asso- 
ciated with thrombosis of the carotid arteries of the left side and sensitivity of the 
carotid sinus reflex of the other side are presented. The literature dealing with 
thrombosis of the carotid arteries is summarized. 
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Thrombosis of the carotid vessels was suspected because of the absence of arterial 
pulsations. The diagnosis was confirmed by study of cerebral arteriograms and 
encephalograms, surgical exploration and gross and microscopic examination of the 
specimens. 

Careful examination of the arteries of the neck in all patients with hemiplegia, 
convulsive seizures, or syncope maj^ lead to more frequent diagnosis of thrombosis of 
the carotid arteries. Often arteriography can be a diagnostic aid. 

Authors. 

Sappington, S. W., and Horneff, J. A.: Tibial Artery Changes in Comparison 

With Those of the Eadial and Coronary Arteries. Am. J. Med. Sc. 201: 862, 

1941. 

Tibial artery age period changes and arteriosclerotic changes short of oc- 
clusive lesions consist of the development of a progressively thickening intimal 
collar of split elastica and longitudinally arranged interwoven connective tissue, 
together with more frequent and more voluminous medial calcification. These 
changes are similar to those found in the radials, but are slightly greater for 
the intima and decidedly greater for the media. Medial calcification was about 
three times more common in the tibial than in the radial in this series. Athero- 
sclerosis is seldom a feature of tibial artery change. Altogether the intimal 
thickening in the tibial as well as the radial is slight, especially as compared 
with the coronary, and seldom threatens the integritj^ of the lumen. As in the 
radial, the anatomic condition of the tibial arter}^ has no inferential bearing 
on coronary sclerosis. 

Authors. 

Deutsch, r., Ehrentheil, 0., and Peirson, O.: Capillary Studies in Eaynaud’s Dis- 
ease. J. Lab. & Clin. Med. 26: 1729, 1941. 

In this investigation the capillary response was studied in twenty-nine cases of 
Eaynaud’s disease. 

1. Capillaroscopic observation of cases of Eaynaud’s disease shows that the dis- 
ease may be present before the appearance of the clinical symptoms. In these cases 
abnormal capillaries can be seen when other vasomotor symptoms are not present. 

2. In the majority of cases of Eaynaud’s disease there exists a persistence of the 
subpapillary plexus and a persistent connection between it and the outgrowing 
capillaries. 

3. Two objective measurements are introduced to test tlie dynamics of capUlary 
circulation: (a) reflux time, i.e., that time which elapses before the capillary flow 
ceases, when the upper arm is compressed with a blood pressure cuff, pumped up 
to 30 mm. above the systolic blood pressure; (b) critical capillary pressure, i.e., 
that pressure at which the flow once again reappears when the cuff in the above ex- 
periment is gradually decompressed at the rate of 10 mm. per two seconds. 

4. Capillaroscopy can define the severity of the disease more accurately than the 
gross clinical findings. 

^ 5. The preganglionic sympathectomy has a distinct influence on the capillary 
picture of Eaynaud’s disease: (a) in twelve of fourteen cases the speed of the 
blood flow increased; (b) in cases with a slow reflux time, the time increased, and 
Vice versa; (c) in ten of fifteen cases the width of the capillaries decreased; (d) the 
capillary permeability decreased; (e) the dilatation of the excretory ducts of the 
sweat glands vanished after operation; (f) these changes in the capillary picture 
after sympathectomy become less distinct in time; (g) the subjective symptoms of 
the patient are to some extent independent of the clinical picture. Some have the 
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same typical capillary picture as before operation^ even tliougli relieved of com- 
plaints. Others show objective improvement clinically, but retain tlieir subjective 
complaints, because a neurosis may become apparent, ndiicli may have been a part 
of the picture from the beginning. 

Authors. 

Crouch, J. H.: Glomus Tumours: Clinical Picture and Physiology. Canad. M. 

A. J. 44: 356, 1941. 

Certain interrelationships which exist between glomus tumors and the sympathetic 
nervous system are discussed briefly. Tliej' are especially' evident in the symptoms 
of pain and sweating. It is believed that the neurological features are more im- 
portant than the vascular ones. 

Author. 

Plewes, Bums: Multiple Glomus Tumours: Pour in One Finger Tip. Canad. 

M. A. J. 44: 364, 1941. 

A case of multiple glomus tumors on the finger is reported. There is no evidence 
that the multiplicity of tumors gives rise to any peculiarly different or more severe 
symptoms. It is suggested that the rare case of recurrence may liave been of multiple 
glomus tumors, the secondary tumors being very small at the time of the first 
operation. 

McCulloch. 

Hertzman, A. B.: The Eelative Eesponses of the Dorsal Metacarpal, Digital, and 

Terminal Skin Arteries of the Hand in Vasoconstrictor Eeflexes. Am. J. 

Physiol. 134: 59, 1941. 

The participation of the intermediate hand arteries, the dorsal metacarpal 
arteries, and the digital arteries, in the vasoconstrictor reflexes of the hand, has been 
studied by recording their volume pulses with the photoelectric plethysmograph. 

These arteries do not usually participate in the so-called spontaneous waves 
(Pigs. 1, 2, 6, and 7) or in the vasoconstrictor reflexes elicited by loud noises 
(Pigs. 3 and S), by immersion of opposite hand in ice water (Pig. 4), or by applica- 
tion of cold to the finger whose pad pulses are being recorded (Pigs. 5 and 9) . 

These results are most simply explained by considering the vasomotor reflexes as 
liighly selective with respect to the vascular topography involved in the reactions. 

Author. 

Hunter, W. C., Sneeden, V. D., Eobertson, T. D., and Snyder, G. A. C.: Thrombosis 

of the Deep Veins of the Leg: Its Clinical Significance as Exemplified in Three 

Hundred and Pifty-one Autopsies. Arch. Int. Med. 68: 1, 1941. 

Thrombosis of the deep veins of the leg is appallingly frequent among middle- 
aged and older persons forced to bed for varying periods of time. The incidence 
in the present study was 52.7 per cent. 

Bilateral involvement was found 110 times, and unilateral, seventy-five times. The 
right side alone was affected a little more often than was the left. Thrombi formed 
in the veins accompanying the larger arteries far more frequently than in other 
veins and were present in the soleus muscle more often than in the gastrocnemius. 

Fatal pulmonary embolism was responsible for 3.13 per cent of all deaths; in 
45.4 per cent of the cases of death from such embolism the most probable source 
was thrombosed leg veins. There is good authority for the belief that, although 
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fulminating emboli often spring from the femoral vessels, thrombosis here represents 
an extension from older clots in the legs and feet. From the standpoint of prophy- 
laxis and treatment, recognition of this is most important. 

Lesser emboli frequently originate from the veins of the calf. Showers of these, 
even though of small diameter, may consist of long clots, which, by buckling or 
coiling, are capable of occluding even the major pulmonary arteries. Eepeated 
embolic episodes are more frequent than a single massive attack. Multiple small 
fragments can also do harm by placing an added burden on an already embarrassed 
circulatory system. 

In the present series there was little difference in the incidence of thrombosis be- 
tween medical and surgical patients or between males and females. 

Phlebitis, either as a cause or as a complication of thrombosis, had a minor role 
in our cases. 

As a rule, phlebothrombosis of the deep veins of the leg is clinically silent and 
for this reason is likely to be forgotten until embolic phenomena appear. 

We are of the opinion that the greatest single factor favoring thrombus forma- 
tion in the lower extremity is sudden confinement to bed of a previously ambulatory 
older person without the benefit of active exercise or the aid of gravity in the main- 
tenance of an efScient venous circulation. 

Planned and supervised voluntary movement and the elimination of too much 
comfort for the legs should do much to reduce incidence of thrombosis and its all too 
frequent sequel — pulmonary embolism. 

Authors. 

McDowall, R. J. S.: Problems of Circulation. The Oliver-Sharpey Lectures to the 

Boyal College of Physicians of London. Brit. M. J. 2: 39, 75, 1941. 

A biographical sketch of George Oliver describing the state of physiology of 
the circulation in his time and the part played by Oliver in laying down foundations 
for further development of this science is presented. Oliver worked for a closer re- 
lationship between physiology and medicine. 

McCulloch. 

Turner, G. G.: A Bullet in the Heart for Twenty-Three Years. Surgery 9: 832, 

1941. 

The case of a man who is still alive and well and who has been going about his 
daily work for the last twenty-three years with a machine gun bullet lodged in the 
wall of the left ventricle is reported. It rvas possible to remove this foreign body at 
operation. 

McCulloch. 

Reynolds, Samuel E. M.; Dermovascular Action of Estrogen, The Ovarian 

Pollicular Hormone. J. Invest. Dermat. 4: 7, 1941. 

A review is given of the experiments reported in earlier papers on the vaso- 
dilating effect of estrogen on the capillaries and venules in the skin of the ear 
of the rabbit and in the human male. The increase in finger-volume involves 
the capillaries and venules, and does not alter appreciably the rate of blood flow 
through the skin. The response is in the same direction, though less than that 
seen in the genital tract following injection of estrogen. 

A summary is made of work now in progress on the dermovascular effect of 
estrogen in women in menopause. It is shown that two types of response may 
occur, one, a sustained plateau, the other, a flush-type of response. The latter is 
observed in women who are nervous before treatment, or during a period of return 
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of sjTnptoms in the course of treatment. Tiie dermovascular effect of estrogen 
appears to become less marked as relief from vasomotor disturbances takes place. 

Comparison is made of the menopausal flush and the dermovascular reaction 
to estrogen. It is shown that in both vasodilatation occurs, but that in the meno- 
pausal flush tlie effect is in part due to arteriolar dilatation, and in the estrogen 
response, the smallest vessels beyond the arterioles are concerned. The former 
involves intermediation of nen-ous activity (inhibition of arteriolar tone), the latter 
appears to be a direct effect of the hormone on tissues in or about the blood 
vessels. 

Author. 

Rubin, M. I., and Rapoport, M.: The Mode of Action of Magnesium Sulphate 

in Reducing the Hypertension of Acute Glomerulonephritis. Am. J. M. Sc. 

201: 734, 1941. 

In the patient with acute glomerulonephritis and hypertension, magnesium 
sulphate lowers the blood pressure without producing dehydration. 

The intravenous administration of hj'pertonic sucrose produces diuresis, and 
generalized and cerebral dehydration, without lowering the blood pressure. Oc- 
casionally it elevates the blood pressure. The dangers of this secondary rise in 
blood pressure in the acute nephritic are pointed out. 

Magnesium sulphate in the doses employed may be ineffectual in patients with 
large urinary volumes. 

The mechanism by which magnesium sulphate reduces elevated blood pressure is 
discussed. 

Authors. 

LeRoy, George V.; The Effectiveness of the Xanthine Drugs in the Treatment of 

Angina Pectoris. I. Aminophylline. J. A. M. A. 116: 921, 1941. 

Sixty-eight patients with angina pectoris were given aminophylline or placebos 
in varying amounts over a period of two years. In general, aminophylline beneflted 
75 per cent of the sufferers. Placebos and sedative drugs were reported beneficial 
by about 20 per cent of the group. When patients who had been benefited by the 
use of aminophylline were given placebos or stopped taking the drug, about 80 per 
cent experienced a return of symptoms within less than three months. 


Author. 



Book Reviews 


La Instjficiencia Cardiaca: By Dr. Cristian Cortes Llado, Antiguo Jefe del 

Servicio de Cardiologia de Catalufla. De la Escuela de Medicina de Barcelona. 

Compania General Editora, S. A., Mexico, D. F., 1940, 186 pages, 30 illustrations, 

$3.00. 

This booklet, which was designed for general practitioners, deals with the general 
problem of congestive heart failure. It follows the classical pattern of the French 
School, from Beau to Vaquez, from Lian to Laubrj'. 

The conception of isolated failure of either ventricle, and of the left auricle, is 
accepted. 

In a few short chapters the author describes the contributions that radiology, 
electrocardiography, and measurement of cardiac output have made to the diagnosis 
of heart failure. In spite of the many interesting details, the conclusions reached 
in these chapters are not always convincing. 

A large bibliography is included. However, there is no mention of many studies 
on heart failure which have been published in the last ten years, notably those of 
Luisada, Eigoni, Harrison, Fishberg, and Altschule. If these studies had been taken 
into account, some of the conclusions might have been modified. 

In general, the book is evidence of the difficulty of writing for general practi- 
tioners a brief, but complete and modem, description of heart failure. 

Aldo Luisada. 

Influence of the Thyroid Hormone on Heart and Circulation: By Hakon 

Easmussen, Institute of Physiology, University of Oslo. Acta med. Scandinav., 

Suppl. CXV, 1941; 202 pages, 12 figures, and 38 charts. 

After an excellent review of the literature, this monograph is concerned with 
the author’s prolonged investigations on twenty trained dogs, of which twelve were 
fed thyroid, three were given thyroxine, and five received dinitrocresol over a period 
of many months, unless interrupted by death. 

Most of the animals which received thyroid or thyroxine did not seem unusually 
nervous, although all showed a marked increase in oxygen consumption. Tachycardia 
was regularly present early in the experiments, but, in the majority of instances, 
the heart rate later decEned to a normal level, with intervals of tachycardia. Exer- 
cise tests resulted in abnormal tachycardia, so that instability of the heart rate, 
rather than constant tachycardia, was characteristic. 

The systolic pressure rose, but the diastolic was little affected. The cardiac out- 
put (Pick method) was increased pari passu with the oxygen consumption, so that 
the average arteriovenous difference was unaltered. The electrocardiogram exhibited 
characteristic, but often temporary, changes ; inversion of the T waves and an 
increase in the Q-T interval were the most constant alterations. 

The dogs died in a state of circulatory insufficiency, ushered in by extreme 
tachycardia, with low cardiac output and diminishing blood pressure, but without 
congestive phenomena. The autopsies showed no characteristic changes in the heart 
or vessels wliich might explain either death or the circulatory effects; adrenal hyper- 
trophj’^ was tlie most constant abnormality. 
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Feeding -^dtamin Bj, in addition to thyroid, did not ameliorate the elfects of the 
latter. 

Dogs which were fed dinitro-v-cresol developed increases in oxygen consumption 
comparable to those in the thyroid group, but, in contrast, had fever and bradycardia. 

The author concludes that the thyroid hormone has a primary, deleterious effect 
on the heart and circulation and that the final circulatory failure is not secondary 
to the increased cardiac work. The tachycardia, far from being a compensatory 
mechanism, is extremely detrimental. 

Tills is the most extensive study of the effects of experimental hyperthyroidism 
on the circulation that has been reported. The material is well arranged, and the 
prose is clear. The autlior is interested in throwing light on human hyperthyroidism 
by the method of animal experiments, so that clinicians will find the monograph 
readable and interesting. Most of the results corroborate the view of the disease 
wliich is current in this count^}^ The monograph is well up to the high standard 
wliich we have been led to expect from Scandinavian research. 

Isaac Stakr. 

Cardiac Classics. A Collection of Classic Works on the Heart and Circula- 
tion, With Cojiprehensive Bibliographic Accounts op the Authors: By 

Fredrick A. ll'’illius, M.D., Cliief, Section of Cardiologj', Tire Mayo Clinic, and 

Thomas E. Keys, M.A., Eeference Librarian, The Mayo Clinic. The C. V. Mosby 

Co., St. Louis, 1941, S38 pages, $10.00. 

"Cardiac Classics" is introduced by a foreword from the pen of Donald C. 
Balfour'. In Iris short communication Dr. Balfour writes, "In the appraisal of 
medical literature, students and practitioners are likely to overlook the writings of 
those who established the fundamentals upon which subsequent progress has been 
made. These epoch-making contributions are also evidence of the fact that in the 
study of disease thorough and accurate obsei'vation is the first requirement and super- 
sedes other methods." 

The authors Iiave chosen paiiers quite in keeping witli Di'. Balfour’s suggestions. 
These original papers present the work of investigators who carried on research in 
spite of obstacles, and most of tliese investigations were hampered by an almost 
total lack of equipment. As one reads these essays and tries to visualize the effort 
and persistence necessai'y to achieve so much, the wonder is not that medical science 
lagged so long, but that it has achieved so much with resources so slender. 

The first paper included in the series is the essay, ‘ ‘ On the Motion of the Heart 
and Blood in Animals," which William Hai'vey presented in 1628 j the last (save 
a poem by Oliver Wendell Holmes) is the paper by James B. Herrick on "The Clini- 
cal Features of Sudden Obstruction of the Coronary Arteries," published in 1912. 
In between are fascinating contributions. All of these are important in the history 
of cardiac disease; the progress of investigation in cardiac structure, function, and 
disease is portrayed in these original papers. 

Each contribution is accompanied by a likeness of tlie author; many of these 
are copies of portraits. Also, a short biography is the preface to each essay, which 
adds much to the interest. Thus the reader has a glimpse of the social background, 
the status, and activities of the leading practitioners through several generations. 

Fifty-two communications from fifty-one authors make up the collection. Among 
many original essays, one finds Malpighi’s report "About the Lung," "Early Ex- 
periments on Blood Pressure and Blood Velocity," the work of Stephen Hales, 
Auenbrugger ’s essay on "Percussion of the Chest," and Withering’s "Account of 
the Foxglove. ’ ’ A long chapter is given to Laennee ’s ‘ ‘ Treatise on Mediate Ausculta- 
tion. ’’ Corvisart, Caleb Parry, James Hope, Corrigan, Stokes, Duroziez, Potain, 
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A''on Leeu^Yenhoek, Morgagni, Traube, Colmlieim, His, Jr., and many others who shared 
in the development of the knowledge of cardiac disease are represented in this col- 
lection. 

The hook is not devoted entirely to the pioneers of research who laid the founda- 
tions of the knowledge of cardiac disease and developed the facts of cardiac physiol- 
ogy and pathology slowly through two hundred years and more. Important communica- 
tions of fundamental value of recent date and modern type are included. Einthoven’s 
first presentation of the use of the string galvanometer in the electrocardiograph is 
included. Among the papers from the modern group are those hy James Mackenzie, 
AValter Keith, and Broadhent. One very interesting lecture is that given in 1896 
by Francis H. Williams on the use of the fluoroscope for determining the outline of 
the heart. 

The reviewer agrees with the authors that “it is reasonable to conclude that the 
classics of medical antiquity form the basis of modern medicine and that the physician 
of today relinquishes many cultural advantages when he avoids the acquaintance with 
his distinguished predecessors.” 

The book is beautifully bound and well printed, and the numerous reproductions 
of portraits are satisfactory. To the physician who is interested in medical history, 
particularly if much of his work is with cardiac patients, this book will make an 
especial appeal; it can be heartily recommended to all physicians who find pleasure 
and instruction in the study of the achievements of the great men whose vision and 
industry laid a sure foundation. 

James G. Gaee. 

Management op the Caediac Patient: By William G. Leaman, M.D., Assistant 

Professor of Medicine in charge of the Department of Cardiology, Women’s Medi- 
cal College of Pennsylvania. The J. B. Lippincott Co., Philadelpliia, 1940, 705 

pages, 255 illustrations, $6.50. 

Those who believe that any book review worthy of the name must consist largely 
of adverse criticism need waste no time reading this one. To the present reviewer 
Dr. Leaman ’s book seems distinguished by many excellent qualities, and easily to 
be rated among the few good volumes devoted to treatment of the sick patient. It 
differs considerably from most textbooks on heart disease, as one would expect from 
its title. The author’s aims are set forth clearly in the preface, where he modestly 
states that ‘ ‘ this small volume attempts to assemble the facts that are most essential 
in the management of the cardiac patient,” and he indicates further that it was 
written primarily for the guidance and help of the general practitioner. 

It is not a particularly small volume, even in comparison with the supergigantic 
books that are the current fashion in medical texts. It contains about 650 pages, 
not counting eighteen pages of selected bibliography. After reading the entire book 
carefully, I find it difficult to believe that it could be reduced in size without 
materially impairing its value. 

Emphasis is properly laid chiefiy upon the details of treatment, but all modem 
methods of diagnosis are discussed in detail and their value appraised. Heart dis- 
ease is classified according to etiology and functional capacity, rather than upon the 
basis of structural lesions. All the recognized etiologic types (rheumatic, syphilitic, 
hypertensive, etc.) are adequately considered, and, in addition, there are valuable 
chapters upon the heart in pregnancy, cardiac problems in surgical practice, cardiac 
emergencies, and the place of physiotherapy and of diet. Several of the author’s 
colleagues who specialize in other fields have contributed chapters on the relation of 
allergy to the heart, the role of social service, and the various surgical measures now 
employed in the treatment of anginal pain, hypertension, effort syndrome, and 
suppurative pericarditis. There is an excellent section on electrocardiography, with 
more than 80 pages. 
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Tlie author -would probably be the first to insist that his book should be used 
as a supplement to otlier recognized texts, inasmuch as his chief interest is in treat- 
ment, whereas that of most “standard” texts is in diagnosis. But it is impossible 
to read this volume carefullj- without learning all the important diagnostic pro- 
cedures and, in addition, far more about prognosis than is possible from books that 
do not include detailed case histones. Tlie author’s comments — wise, conservative, 
and lucidly stated — gain in cogency Avlien made in connection with the diagnosis or 
treatment of a particular patient whose history and progress are recorded at some 
length. Even without case histories this would be an excellent volume for all practi- 
tioners who are entrusted with the care of cardiac patients, but the inclusion of such 
records adds greatly to its value. Some of these are necessarily brief, but many of 
them follow the course of patients for weeks, months, or even years, and display 
more clearly the variable responses to different therapeutic procedures than any 
other method could do. These do not follow any fixed pattern, but include the 
essentials; one of the most interesting and illuminating is presented in the form of 
a series of letters from a patient over a period of almost two years, with explanatory 
comments by the author. 

Throughout the book one is impressed by the fact that Dr. Leaman writes of 
matters udth which he has had long and intimate experience. His knowledge has 
obviously been derived not mcrelj' from careful reading of cardiovascular literature, 
or even from ward visits and the autopsy room, but also from the prolonged, 
day-to-daj' care of sick people in the hospital, office, and home. His discussions are 
marked by authority and wide knowledge of recent advances. The illustrations are 
superbly reproduced and add much to the value of the text. Tlie author is to be 
congratulated upon ha^-ing made a real contribution to the aspect of heart disease that 
seems to many of us the most important, but receives scant attention in most books. 


H. M. Marvin. 



Correspondence 


To THE Editor: 

In his article on the duration of electrical systole in massive peri- 
cardial effusion (Am. Heart J. 22: 35, 1941), Chen-Lang Tung states; 
“In the rather large literature of the electrocardiographic changes in 
pericardial effusion, no mention has been made as to the effect of such 
effusion on the Q-T duration.” I wish to direct attention to the work 
of Dressier {Klinisclie Elektrokardiografie, 1937) and ter Horst {Acta 
Med. Scand. 101: 362, 1939), both of whom described an abnormal 
shortening of the Q-T interval in peilcardial effusion which they claimed 
could be used as a diagnostic aid. The latter investigator included a ease 
wherein the decreased Q-T returned to normal after adequate pericardio- 
centesis, but close scrutiny of the protocol reveals that the limitation of 
systole was merely relative, not absolute. 

From a personal study of four patients with pericardial effusion, I am 
able to confirm Tung ’s statement that the Q-T interval is not significantly 
shortened. Incidentally, in one of the two cases in which electrocardio- 
grams were taken before and after tapping on several occasions, the Q-T 
interval varied significantly in only a single instance. 

The value of Tung’s thesis is limited, however, by the fact that the 
Q-T interval is not abnormally lengthened in all eases of cardiac failure. 

Edward Shapiro, M.D. 

Beverly Hills, Calif. 
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PERNIO : A VASCULAR DISEASE 

Teresa McGovern, M.D., and Irving S. Wright, M.D., 

With the Collaboration of Erich Kruger, M.D., 

New York, N. Y. 

’^HE condition referred to in this paper as "pernio” may be effec- 
■t tively studied and treated by considering it as a distinct vascular 
syndrome. In the past, the nomenclature has included many variations 
and stages of this disease which the investigators have classified under 
fifteen or more names, including chillilains,^ erythema induratum,^ 
Bazin’s disease,®'^ erythrocyanosis,®’’ dennatitis hiemalis,® I’engelure,® 
lupus pernio, pernio, Prostsehaeden,^^ erythroeyanosis crurum 
puellaris,^® and acrocyanosis.^® 

A review of the literature back to Bazin® (1858) indicates the neces- 
sity for clarifying a confused picture. In American journals the ma- 
jority of the descriptions which have appeared have been written from 
the dermatologist’s point of view.*'’ 


REVIEW OP LITERATURE 

} 


This syndrome has been erroneously confused with the erythema in- 
duratuin of Bazin in many cases repoi’ted in the literature. In Bazin’s 
original monograph® there are several case reports which fit our descrip- 
tion, but they are labeled erythema induratum. We believe that this has 
been in part instrumental in producing the confusion which exists m this 
subject, and it has led us to attempt a clarification at this time. 

Bazin’s erythema induratum is a tuberculide lesion*® (the tubercle 
bacillus was unknown at the time he wrote, 1857). Tubercles, not 
merely giant cells, must be present if one is to make a diagnosis of true 
Bazin’s disease. The presence of giant cells seems to be the criterion of 
some authorities in classifying cases such as ours as tuberculide, thus 
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adding further to the confusion in calling pernio “erythema in- 
duratum.” Actually, giant or multinucleatod cells are often seen in 
long-standing inflammatory processes. 

Translations of some of Bazin’s descriptions of erythema indui’atum 
will illustrate similarities to our cases, but, in the light of present knowl- 
edge, we feel that'certain of them are descriptions not of true erythema 
induratum, but of “pernio.” 

As reported in Bazin’s case 1, a laundress, aged 20, was examined 
May 21, 1858 . She had never had enlarged glands. One sister had a 
seropurulent ejm discharge. At the age of 11 she had an abscess at the 
angle of the left jaw whicli persisted to the age of 20. Her menses were 
irregular, not abundant, and often stopped for three months. Six 
months before the examination (in November), she developed red plaques 
on the lower part of her right leg, and these plaques increased in size. 
Two months later she developed similar lesions on the left leg. There 
were irregular plaques, 5 to 6 cm. in diameter, on the internal malleolus, 
which were violaceous in color ; these disappeared with pressure. Touch- 
ing them gave one tlie impression of an induration under each plaque. 
There were several smaller points in addition to the main areas. There 
were elongated plaques on the anterior surface of the tibia which were 
indurated and violaceous red. On the right leg there was a large ir- 
regular plaque which was violaceous red, with some sensation of an in- 
durated band on palpation. In addition, there were several individual 
areas with the same characteristics, namely, they were indurated, 
regular, superficial, and not painful to pressure. (Bazin felt that the 
above facts distinguished this from the other types of erythematous 
nodules. ) 

Bazin suggested, in 1861, that in his opinion the suppression of 
menstruation was significant in producing these lesions. He did not 
note a seasonal variation' but he reported that the illness dated from 
November, that the patient entered the hospital kfay 21, and that she left 
July 2. At that time the r'edness and induration were practically gone. 
None of her family had a similar condition. The lesions in this case were 
not painful and did not progress to ulceration, but they were in other 
ways quite typical of the lesions noted in pernio. 

In Bazin’s Case 16, he reported that the lesions appeared on the sub- 
ject’s hands, nose, and jaw, and that they disappeared in the summer. 

In Bazin’s Case 66, he reported a man, aged 20 years, with ulcers of 
the leg and nasal bone, (This may, or may not, fit into our classifica- 
tion.) 

In Bazin’s case 67, he reported a man, aged 27 years, who had ulcers 
of the internal and external malleoli of the right leg, toes, and the soles 
of both feet. He also had puhnonary tuberculosis and tuberculosis of 
the kidney. His death was caused by Bright’s disease. (We mention 
the general pathology in this case because it raises a' serious question 
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as to the true character of these lesions which, although they bear certain 
resemblances to pernio, we feel were more likely tuberculous.) 

In Bazin’s case 146, he described a condition of chilblains in young 
females, particularly laundresses. In these cases the lesions had a 
predilection for the external and inferior portion of the leg and the 
surface along the Achilles tendon. It appeared that, at times, this con- 
dition was related to scrofula, but Bazin did not establish its connection 
with tuberculides. 

It would appear from these descriptions that Bazin was dealing 
with two or possibly three different conditions, calling them ‘ ‘ scrofula, ’ ’ 
when in reality, they were probably erythema induratum, tuberculosis, 
and pernio. Although there are no pathologic descriptions to confirm 
our impression, the clinical history in these eases tends to bear this out. 

In 1894, Corlett^® described pernio, which he called “dermatitis 
hiemalis,” in a paper which was read before the Congress of Medicine 
in Rome. This deserves attention because it was the first attempt to 
discuss many of the characteristics of this syndrome. The following is a 
brief synopsis of his description of the disease. It is characterized by : 

(1) The sudden appearance of lesions at the first approach of cold 
weather ; 

(2) Spontaneous cure in the spring ; 

(3) The possibility that the condition may recur perennially for 
several years ; 

(4) A characteristic appearance of the lesions on the dorsal surface 
of the hands most frequently, and on the corresponding surface of the 
feet next in frequency ; 

(5) The fact that there is little or no tendency of the disease to spread 
to other parts of the body or to extend at the periphery after the 
lesions are fully developed; 

(6) The fact that “the eruption is characterized by vari-sized round 
or, as involution proceeds, horseshoe-shaped patches which are slightly 
raised, sometimes markedly thickened, and which have an abrupt, well- 
defined margin and a dusky-red or slightly erythematous color. At 
first, vesicles are present and rupture, leaving denuded, weeping, ir- 
regular pin-head to lentil-sized surfaces whose color is perceptibly 
stronger than the surrounding patch, and may be likened to a raw 
ham tint. Later, the patches take on a faded rose-colored hue, and they 
become covered with a thin layer of adlierent scales ’ ’ ; 

(7) The fact that the intensity of the violaceous color of the affected 
area varies with the temperature of the room and with elevation or de- 
pression of the hand ; 

(8) The fact that itching may or may not be present; 

(9) The fact that the condition described is not associated with any 
other disease. 
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In 1896, Corlett^^ again read a paper on this disease at the Third 
International Congress of Dermatology, In this paper there was little 
new except that he reported a difference in the size of the lesions under 
discussion. He reported fifteen cases, all of which occurred ui cold 
weather, showed obstinacy to treatment, and invariably disappeared 
with the approach of warm weather. From this evidence it is certain 
that he was describing a type of disease which was dependent upon the 
presence of cold weather. Although this condition appears to resemble 
in some respects winter eczema of the type recentl.y redeseribed by 
Niles,^^ it may easily have been a stage of development of pernio. 

We believe that the confusion of the three conditions, pernio, erythro- 
eyanosis, and the blue limb in anterior poliomyelitis, led Telford,^^’ in 
his report of 1933, to arrive at the conclusion that Bazin’s disease is 
no different from erythroeyanosis, that is to say, pernio. He seemed 
to base his conclusion on the presence of giant cells in the nodules. 
These, he contended, were the reason for calling tlie lesions tuberculous. 
However, no true tubercles were found. In tins discussion it must be 
remembered that, at the time of Bazin, the tubercle bacillus had not yet 
been discovered, and that he did not include histologic descriptions 
of the lesions. The clinical histories, physical findings, and pathologic 
descriptions, as reported by Telford, are similar to ours. 

Telford inferred that the lesions occurred only where there was an 
excessive deposit of fat, particularly in stout, florid people with large 
limbs. He held that a defective venous return, plus the excessive fat 
and the action of cold weather, combined to precipitate the lesions; 
that the clinical and histologic picture in this syndrome was identical 
with that of the purple limbs and chilblains of long-standing, severe 
poliomyelitis; that erythroeyanosis Avas identical with Bazin’s disease; 
and that there Avas a common basis for all of these various lesions. 

Eugman,-^ in 1919, described lesions almost identical to those AAliich 
AAm AAoll present, but lie made no mention of their seasonal occurrence. 
He classified the lesions as tuberculides, and he spoke of their frequent 
occurrence in jmung girls AA'orking in the large shoe factories of St. 
Louis. 

Klingmuller and Dittrich,^-* in 1926, published a study on “Frost- 
schaeden,” and stated that the Amseular damage in this condition leads 
to perniosis. Microscopic examination of sections revealed that there 
■was secondary damage to the tissues, resulting from the initial damage 
to the vessels. This damage then extended into the fat tissues and the 
subcutis. The Amriations in the clinical picture depended upon the area 
involved, and varied from an elephantiasis-like SAVelling of the ex- 
tremities in the fleshy areas to frank ulcers in the areas AAdiere the skin 
Avas thin. The ulcers appeared in the fall and Avinter. 

Nardelli,” in 1926, differentiated perniosis from Bazin’s disease and 
stated definitely that tlie mere prasence of giant cells Avas no reason for 
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classifying perniosis as a tuberculide. Rather, the presence of giant 
cells was evidence of cell destruction. He noted that perniosis had a sea- 
sonal occurrence, whereas true Bazin’s disease did not. It was his 
opinion that the two conditions could coexist, but that tuberculosis was 
a complication rather than a cause of perniosis. 

Von Norden,-'^ in 1928, reviewed the literature and discussed the 
methods then in use for the treatment of perniosis. He reported the use 
of an ointment of salicylic acid, methyl ester, and oleum fall vale, or 
this product in conjunction with urea, for soaks or foot baths. Accord- 
ing to von Norden, this treatment led to recovery in manj^ instances. 
By recovery he meant not onlj’ the disappearance of the chilblains 
during the same winter, but also a reasonable assurance that the lesions 
would not recur the following winter. 

Dittrich,^® in 1929, attempted the correlation of the histologic changes 
with the clinical observations and commented on the multiform man- 
ifestations of perniosis follieulosis, due to the variations of the lesions 
of the follicles from slight edema to atrophy, associated with marked 
discoloration. He called attention to the h;\qierkeratosis of the follicles. 
No local anesthesia was used when taking the biopsies in his cases, so 
that changes in the skin could not be attrilnited to the effects of an 
anesthetic. 

He concluded that ulcerative perniosis developed from the above 
histologic picture, with edema as the basic factor, and passed through 
the stage of bulla formation. The primary histologic defect occurred 
in the epithelium and the subepithelial layer. The ulcers showed the 
characteristics of necrosis, and tended, therefore, to mask the true lesion 
as described above. The area of predilection in one of his cases was 
the arms, and, in another, the ear; all the rest were confined to the 
lower portion of the legs. The ages of his patients ranged from 18 to 
32 years. 

Dittrich wrote as follows: “Chilblains or perniosis does not repre- 
sent a ‘freezing to death’ of the tissues. Such severe damages are not 
necessary; rather, slight effects, either of repeated or chronic stimuli, 
are sufficient to produce this syndrome. It is not the frost, as such, 
but the variations in temperature which produce the stimuli. These 
stimuli represent a strain to the peripheral regulatory temperature 
mechanism, and particularly to the anatomical structures of this func- 
tional mechanism in the vessels of the skin, which are not capable of 
compensating properly for these demands because of a primary heredi- 
tary or acquired functional deficiency.” 

He preferred the name “perniosis” as an all-inclusive term, em- 
bracing all the stages of this disease. The etiology was still unknown, 
but it was definitely not tuberculosis. The tuliercle bacillus was never 
found, either within frost-damaged tissue, or in guinea pig inoculations 
from this tissue. Of the multiplicity of precipitating factors, only one 
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remained constant, namely, lowering of temperature. He divided tlie 
disease into four stages similar to the classification suggested later by 
Buerger, and recounted below. 

Dittrich’s two articles are most comprehensive, and are worthy of 
study by all interested in this subject. 

Perutz,^® in 1929, reported eighty eases of frostbite localized at the 
inner aspect of the knee joints. In his series, the disease occurred in 
girls and women only. This form of frostbite was not mentioned in 
the extensive paper on frost damages by Dittrich.^® The age, sex, and 
good state of nutrition caused Perutz to call it “erythroeyanosis 
erurum pueUaris. ” According to his description, the dermatosis ap- 
peared alone, or in combination with erythrocyanosis erurum pueUaris. 
The slightest form was an erythema, varying in color from bright pink 
to dark red. The peculiar, ic}*^ coldness of the diseased skin was charac- 
teristic. The lesion differed from erythrocyanosis in the lack of violet 
discoloration. He divided the disease into four stages: color change, 
swelling of follicles, formation of small, livid nodules like those seen in 
perniosis, and, lastly, ulceration of nodules. 

Perutz did not call it a new disease, but thought it was related to 
perniosis. Had he presented histologic material, we would be in a 
position to comment further. 'As it is, it should be pointed out that 
the stages, as he described them, are similar and comparable to what 
we shall describe, and that he probably was dealing with perniosis. 
The predilection for the knee joints and no other portion of the legs 
is difficult to explain. He mentioned that some authors believed 
erythrocyanosis was a superficial and diffuse form of tuberculosis of the 
skin, or a disease which was related to tuberculosis. He investigated 
these phases of the subject and was unable to correlate the clinical and 
dermatologic features with tuberculosis. This, too, has been our ex- 
perience. 

The endoerinologic background which was proposed by Perutz for this 
syndrome was based on the assumption of a vasoparalytie frost damage, 
superimposed upon an endocrine dysfunction of the capillaries. Since 
it is difficult to present the pros and cons of this view, and since such a 
discussion would only add to the confusion of the subject, it seems 
wiser to leave this matter in its present state of flux. 

Lewis,^’^ in 1929, mentioned a condition similar to ours, and called 
it “chilblains” or “erythema pernio,” ascribing it to poor peripheral 
circulation or an injured vosomotor mechanism. 

Kreindler and Elias," in 1931, described a juvenile acrocyanosis in 
young adults which they believed to be due to an endocrine disturbance 
or an imbalance in the autonomic nervous system, resulting in impaired 
circulation. The capiUaries showed a spastic tendency, or a slowing of 
circulation, with dilatation of the venous branches and the venous sub- 
papillary plexus. They stated that the reflexes of the larger vessels 
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were not changed, and that the disease followed a chronic course, be- 
coming aggravated during cold weather and improving during warm 
weather. They made the interesting observation that there was spon- 
taneous recovery in girls after marriage and iu boys after they became 
20 to 22 years old. This has not been true in our patients. 

Fischl,^® in 1931, suggested that more care he used in applying names 
to certain papulonecrotic lesions, in order to forestall confusion. Par- 
ticular care should he taken in those conditions of uncertain etiology 
which have a resemblance to tuberculosis, but in which a relationship 
never has been proved. It would appear, from this paper, that among 
other conditions he probably had perniosis in mind. 

Mayer and Cajkovac,^®’ in 1932, described the seasonal variation 
in nonspecific sensitivity of the skin in eczema and related diseases. 
The peak was said to appear both in the spring and in the fall in the 
eczematous patients, as well as in the patients with lichen vivae and 
prurigo hebrae. Whether they had eases of pernio mixed with 
these groups it is difficult to say, since, as mentioned above, pernio of 
the hands was first described by Corlett,® in 1891, and called “eczema.” 
Most dermatologists of that period considered it an eczema. ' - ' 

Sannieandro,®^ in 1932, described a case of a 60-year-old man with a 
skin lesion which took on the character of efflorescences that presented 
some of the histologic features of pernio ; but here the distribution was 
more extensive than in many of the cases we have seen, and no seasonal 
variation was mentioned. 

Buerger,®^ in 1937, subdivided this condition (pernio) into four 
stages: (1) perniosis f olliculosis ; (2) infiltrating pernio; (3) bulbous 
stage; and (4) ulcerated form. 

Knight,®® in 1938, outlined a form of treatment for erythrocyanosis 
frigida. However, he merely made the statement that Bazin’s disease, 
erythema induratum, affected girls, and elucidated no further. 

During the past six years we have had the opportunity of studying 
ten patients with this disfiguring condition. It is fairly common in 
the North Temperate Zone, and occurs predominantly among women. 
Careful analj’-sis shows that all patients suffering from this syndrome 
have a similar history. They present essentially the same clinical 
features and pathologic changes. Detailed reports of four typical cases 
will serve to illustrate our observations. 

CASE REPORTS 

Case l. — L. H., a woman, aged 29 years, was first admitted April 10, 1933. She 
was bom May 18, 1903, in the United States. The family history was negative 
except that a brother had died of malignant hypertension. She had had hypertension 
for eleven years. Her first pregnancy had resulted in a miscarriage at five and one- 
half months because of toxemia and hypertension. The second and third cliildren 
were stillborn at full term, in 1928 and 1929. In 1930, a fourth pregnancy was 
terminated in the sixth month by cesarean section because of a kidney complication. 
She had suffered from sore throats almost continuously until ten years before ad- 
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mission. The patient had never had edema, noctnria, or hematuria, but had had 
frequent tiirobbing iieadaciies, witli vertigo, nausea, and vomiting. She stated tliat 
she had complained of ''growing pains” and rheumatic pains every winter since 
the age of 10 years. 

Since the age of 7 years she had developed ulcers on her legs annually. These had 
occurred witli the onset of cold weatlier in the fall, and had persisted until warm 
weather returned. Numerous small ulcers appeared simultaneously. Many of the 
ulcers had begun around the internal malleoli and gradually extended up to the 
calves. "When they healed, they left a violaceous discoloration which would never 
disappear completely. It was in these areas that succeeding ulcers would form 
during the next cool spell. Tliis condition was diagnosed as tuberculosis of the 
skin. Slie was given "gold injections,” apparently with slight temporary improve- 
ment. Her feet became extremely white and painful when slightly cliilled, but her 
liands nevei- showed the same sensitivity to cold. During the months when the 
ulcers were open she had a low-grade fever at night, associated with drenching 
sweats, resulting in an annual winter weight loss of 30 to 40 pounds (one-fourth to 
one-third her normal body weight). 



Eig. 1. — Case 1. Photomicrograph (X40) of lesion. Note prominent hlood vessels in 

corium and necrosis in corium. 

The physical examination on April 10, 1933, revealed that the tonsils were 
buried and that there was a profuse posterior nasal discharge. The teeth were 
carious ; the gums were infected and bled easily. There were a few slightly enlarged 
cervical glands which were not tender, and a similar gi’oup of glands was present 
in the right axillary region. The lungs were essentially normal. The heart was 
found to be enlarged to the left. There was a systolic thrill and a prolonged 
systolic murmur over the mitral area. The pulmonic second sound was accentuated, 
and was louder tlian the aortic second. The blood pressure was 220/120. There 
were twenty to thirty reddened, indurated, tender, broken-down, nondischarging 
ulcers scattered bilaterally over the legs. Many superficial atrophic scars of small 
healed lesions were distributed through the same areas. The left radial aitery 
was not palpable; the dorsales pedium were not palpable, and there was marked de- 
pendent cyanosis. No oscillometric readings could be made because of the presence 
of the ulcers. 

Laboratory examination revealed no evidence of tuberculosis in the lungs, although, 
roentgenographically, there was evidence of an old, puerile, tuberculous focus at 
the hilus, and the Mantoux reaction was positive at a 1:1,000 dilution. She had an 
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aortic tj'pe heart. The electroeardiogi-ani was normal. The basal metabolic rate 
was plus 4. The blood Wassermann reaction was negative. The erjdhrocyte count 
was 4,600,000, and the leucocj’te count, 7,650. The hemoglobin was 11.46 Gm. 
(79 per cent), and the color index, 0.86. The differential leucocjde count showed 
polymorph onuclers, 76 per cent; eosinophiles, 1 per cent; monocj-tes, 3 per cent, 
small lymphocytes, 6 per cent; and large lymphocytes, 14 per cent. Repeated urine 
examinations were negative except for a trace of albumin and an occasional lyaline 
cast. Chemical examination of the blood revealed nonprotein nitrogen, 37.2 to 39.8 
mg.; urea nitrogen, 14.6 to 15.5 mg.; cholesterol, 470 mg.; and sugar, 107 mg., 
per 100 ml. blood. 



Pig. 2. — Case 1. Photomicrograph (X180), eniargement of box: in Fig. 1. Note 
small vessels surrounded bv cuffs of polymorphonuclear and small mononuclear cells. 
Endothelial proliferation. Multinucleated cells are present but difficult to make out 
In this plate. 


Biopsy of a lesion showed no evidence of tuberculosis. There was the usual 
cornification of squamous epithelium, without any evidence of hyperkeratosis or 
acanthosis. The corium contained many prominent blood vessels which were sur- 
rounded by small cuffs of polymorphonuclear and small mononuclear cells, as well 
as young, spindle-shaped fibroblasts. The vessels were also unusual in that they 
almost invariably showed endothelial proliferation, with occasional cells in mitotic 
division. Clusters of newly proliferated vessels suggested newly formed granula- 
tion tissue. There was some necrosis in the corium, with considerable recent hem- 
orrhage, and there was also some evidence of fibroblastic proliferation, as well as a 
rare multinucleated cell. The process was a chronic, necrotizing one, in which 
healing by organization was prominent. The vascular reaction was the most con- 
spicuous feature. 

Case 2. — A. H., a woman, 19 years of age, was first admitted April 5, 1938. 
She was born in the United States. The family history and past history were 
irrelevant. 
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Following an injury to_lier right leg in March, 1937, the patient had noticed red 
blotches which were elevated above the surrounding surface. They had first ap- 
peared on the posterior surface of the lower third of the right leg. The lesions 
became more raised and scaly, and then appeared to come to a head, to ulcerate, 
and to heal. After two weeks in bed she still had the red blotches. The same type 
of lesion soon appeared on the left leg. During the summer of 1937 the lesions 
healed. However, in November, 1937, although there was no new injury to the leg, 
several lesions of the same tj’pe again appeared, each one developing into an ulcer. 
No treatment was instituted. In the late spring (May, 1938), all the lesions dis- 
appeared. There was a slight injury to the right leg about Christmas, 1938, when 
the condition returned and both legs ulcerated as previouslj^ When seen late in the 
summer of 1939, the lesions had not completely healed, but were definitely improved 
and were confined to the lower third of both legs, along the medial and posterior 
surfaces. As in tlie other cases, when the lesions began to appear they were ex- 
cruciatingly painful, but, after they ulcerated, the pain was less acute. 



Fig. 5. — Case 2. Medical aspect of right leg^, showing marked pigmentation and 

healing ulcers. 

Physical examination on April 5, 1938, showed notliing abnormal except the leg 
lesions. Her blood pressure was 100/50, and the oscillometric readings were nor- 
mal, as were the capillary studies. Roentgenologic examination of the lungs re- 
vealed nothing abnormal. The basal metabolic rate was plus 4; the Mantoux re- 
action was positive at 1:1,000; and the blood Wassermann reaction was negative. 
The erythrocyte count was 4,380,000, the leucocyte count, 8,000, the hemoglobin, 
ll.G Gm. (70 per cent), the color index, 0.86, and the platelet count, 270,000. The 














Fig-. 7. — Case 2. Photomicrograph (X180), enlargement of box m Pig. 6. 
Panniculus is extensively necrotic, capillaries unusually prominent. Leucocytes as 
■well as small lymphocytes infiltrate the adipose tissue. Note endothelial thickening 
and perivascular ring of fibrous tissue. 
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differential leucocyte count showed polymorplionuclears, 70 per cent; eosinophiles, 
1 per cent; monocytes, 1 per cent; small lymphocj'tes, 26 per cent; and large 
lymphocytes, 2 per cent. A routine urine examination was negative, and the results 
of the Mosenthal two-hour renal function test were normal. Chemical examination 
of the blood revealed nonprotein nitrogen, 24 mg. ; urea nitrogen, 10 mg. ; and 
calcium, 9.3 mg., per 100 ml. serum. Ascorbic acid studies indicated the following: 
fasting blood content, 0.54 mg. per 100 ml. of plasma; saturation test,io 355 mg. 
excreted in the twentj'-four hours following injection of 1,000 mg. 

Biopsy of a lesion revealed no evidence of tuberculosis. Except for a small zone 
of ulceration, the overlying squamous epithelium was not abnormal. Immediately 
beneath the basal cell layer there was an extensive leucocytic cellular reaction which 
was diffusely infiltrating the subcutis. The capillaries of this region were un- 
usually prominent as a result of endothelial and pericapillary fibroblastic pro- 
liferation. The pannieulus was extensively necrotic, containing many nuclear frag- 
ments, but shouing no true caseation. Poljmiorphonuelears, as well as small lympho- 
cytes, infiltrated the adipose tissue, and there was considerable fibrosis. The 
most conspicuous feature in the pannieulus was the vascular change, which consisted 
of a chronic angiitis. Not only was the endothelium greatly thickened, but there was 
also a striking perivascular ring of fibrous tissue containing manj- cells, chieflj' of 
the lymphocytic series. 



Eig. 8. — Case 3. Anterior aspect. Ulcer over right internal malleolus and over 
dorsum of foot. Extensive pigmentation of both legs. 

Case 3. — 0. H., a woman, aged 39 years, was first admitted Sept. 19, 1938. The 
family history was negative. The past history was not significant, except that in 
October, 1937, she had developed an eczematous condition involving the flexor sur- 
faces of the legs, back, and hands, in that sequence.' Roentgen therapy had been 
given. The condition had cleared up in ten weeks; its etiology was unknown. 
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At the age of 14 years the patient had developed red, indurated areas, which 
caused pain on pressure, on the inner and posterior surfaces of both legs. These had 
become inflamed and then had healed without ulceration, followed by complete dis- 
appearance of the lesions. The patient had had a similar attack in the fall of her 
eighteenth year, but for the first time the indurated, raised areas had become ul- 
cerated. For the next seven years the legs were perfectly normal. At the age of 
25 years the lesions had recurred after she had gone swimming late in the summer. 
The condition of her legs was such that she had remained in bed most of the time 
from October until June, wearing a gelatine boot which was changed at frequent 
intervals. The legs healed, and she remained well for three years. From her 
twenty-eighth year to the time of examination, a period of eleven years, her right 
leg had never completely healed, although it was definitely improved during the 
warm months of the year. The left leg had been free of ulceration for four years. 



Fig-. 9. — Case 
has ulcers over 
changes. 


3. Lateral aspect. Extensive pigmentation of left leg. Hight leg 
dorsum and helow external malleolus, and marked sclerodermic 


In October, 1938, she had excruciating pain across the right instep, and ulcers 
appeared between three toes of the right foot. Ulcers then appeared over the 
dorsum of the foot, and a single, large lesion persisted in this area. The pam in 
the reddened areas was knifelike in character. The areas were discrete and changed 
from red to violaceous in color. HTien the patient opened these lesions with a 
needle, a dark red serum exuded for a day, then a yellowish serum oozed out, and 
the lesions thereafter began to ulcerate, with cessation of pain. The ulcers took 
from four to five weeks to heal. The healed areas were deeply pigmented. On these 
pigmented areas the next year’s crop of lesions became engrafted. The lesions were 
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open almost all winter (1938-1939), and the patient was confined to the house from 
October until the end of February. 

Physical examination revealed nothing abnormal except the lesions on the legs. 
The skin was deeply pigmented and sclerodermic from the knees downward. A 
large, ulcerated lesion was present over the internal malleolus, and another over 
the dorsum of tlie right foot. The left leg merely showed the pigmentation, sclero- 
derma, and evidence of healed ulcers. Tlie oscillometric readings were normal. 



Fig. 10. — Case 3. Medial aspect, right leg and foot. Ulcer over internal malleolus. 

Marked pigmentation. 

A roentgenogram of the lungs showed an old, inactive tuberculous focus in the 
right hilus, as well as an old Ghon node. 

The sputum contained no tubercle bacilli ; the basal metabolic rate was minus 15 per 
cent; the Mantoux reaction was positive at 1:1,000. The blood Wassermann reaction 
was negative. The erythrocyte count was 3,970,000; the leucocyte count, 5,000; the 
hemoglobin, 78 per cent; and the color index, 0.98. The differential leucocyte count 
showed polymorphonuclears, 68 per cent; eosinophiles, 2 per cent; small lymphocytes, 
21 per cent; and large lymphocytes, 8 per cent. The urine examination 'was neg- 
ative. Chemical examination of the blood allowed that the urea nitrogen was 
10 mg.; the uric acid, 3.7 mg.; the chlorides, 485 mg.; and the true glucose, 85 
mg., per 100 ml. of blood. The sedimentation rate, by the Westergren method, was 
18 mm. in 60 minutes. 

Biopsy of a lesion showed no evidence of tuberculosis. There were an extreme de- 
gree of hyperkeratosis and a fairly large abscess within the squamous epithelial 
layer. It was apparent that this represented a chronic process of long standing, in 
which ulceration undoubtedly played a conspicuous role. This was indicated by the 
fact that nests of epithelium lay in isolated foci in the subcutaneous connective 
tissue. In this case, the angiitic reaction in the subcutis was a conspicuous feature. 
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The vessel walls were greatlj’ thickened, which had in some cases led to almost com- 
plete occlusion of the lumina. Each of the vessels tlius involved was also sur- 
rounded by collections of neutrophilic leucocytes, lymphocytes, and large mononu- 
clear cells. There u'as an extreme degree of necrosis in the pannieulus adiposis. 
Some of the necrosis even suggested caseation. The chronicity of the condition was 
indicated, by the extensive granulation tissue on the margins of the necrosis. An 
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interesting feature of the microscopic appearance was the presence of many cells in 
division, both in atfected vessels and in the dermis. 

Case 4. — E. P., a woman, aged 39, was first admitted Peb. 7, 1939. She was born 
in Italy. Her family and past liistorj' were irrelevant. She had had two miscar- 
riages and one full-term delivery, the latter in 1929. 



Fig. 13. — Case 4. Ulcers over external and Internal malleoli, dorsum of right foot, and 

between toes. 



Fig. 14. — Case 4. Lesion in region of tendon Achilles. 

In September, five years before, the patient first began to complain of cold, 
itchy feet. This was followed verj' shortlj’’ by blistering, with ulceration of the in- 
ner surface of the left ankle. Each summer the lesions would heal, but they ap- 
peared again each fall. The ulcers were treated with salves during this period in 
a skin clinic. 
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Whenever the patient was exposed to cold, she would have a burning feeling, fol- 
lowed by itching which was a sign of the initiation of the leg lesions. The areas 
would become bluish-red, and some even looked like subcutaneous hemorrhages. 
The lesions would vary in size from a peteeliial spot to a dime. Severe, knifelike 
pain which was worse at night was felt in the discolored areas. After two days to 
three weeks of this discomfort, a blister would form, exuding a pinkish or yellowish 
odorless exudate, followed by ulceration. A scab would form and the lesion heal. 
If at this stage the legs were injured by exposure or in any other way, the lesions 
would ulcerate again. Each crop of lesions usually began simultaneously and healed 
simultaneously. The lesions were confined exclusively to the legs, and almost always 
to the lower tliird. There had been a few lesions over the dorsum of the foot and 
toes. The legs had never been completely healed during the winters of the past five 
years. However, they were completely healed in the summer of 1938, and remained 
so until late October. Although the healing was complete, a violaceous area would 
remain, and there the next year’s crop of lesions would appear. These pigmented 
areas never disappeared. The severe pain would usually last until ulceration oc- 
curred and then progressively diminish. 



Fig. 15. — Case 4. Photomicrograph (XS5) of typical lesion. Note angiitis in sub- 
cutis, and fibrosis. 

Physical examination showed nothing abnormal except the leg lesions. There 
were large, square-shaped, granulating lesions on the inner aspect of the ankles, 
extending backward to the calves. There was marked ulceration of the ankles, 
dorsums of the feet, and toes. The dorsalis pedis and posterior tibial vessels were 
normal. There were no color changes when the feet were either eleva.ted or de- 
pendent. There were slight varicose veins on both legs. The oscillometric readings 

were normal. a -u r.. 

A roentgenogram of the lungs revealed notMng abnormal. The basal metabohc 

rate was plus 2 per cent, and the blood Wassermann reaction was negative. The 
erythrocyte count was 4,660,000; the leucocyte count, 9,550; the platel^ coun 
200,000; the hemoglobin, 77 per cent; and the color index, 0.78. The differential 
leucocyte count showed polymorphonuclears, 71 per cent; small 
per cent; and large lymphocytes, 1 per cent. Chemical examination of Wood 
revealed that the urea nitrogen was 10 mg.; the nonprotein nitrogen, 26 mg ; the in- 
organic phosphate, as P, 3.3 mg.; and the calcium, 10.7 mg;, per 100 ml. of 
serum. Ascorbic acid studies showed a fasting blood content of 1.09 mj per 
ml. of plasma; in the saturation test, 430 mg. were excreted m the first five hours, 




MC GOVERN ET AE. : PERNIO 


601 


and a total of 475 mg. in the twenty-four hours following injection of 1,000 mg. 
(The normal amount of ascorbic acid excretion in the urine following a 1,000 mg. 
test dose is 480 or more mg. in five hours, and 500 or more mg. in twenty-four 
houTs.si) The sedimentation rate, by the Westergren method, was 15 mm. in sixty 
minutes. Fractional gastric analysis revealed a normal acidity curve. All the cold 
sensitivity tests (exposure to chilling and application of ice directly to the skin) 
were negative. 



Pigr. 16. — Case 4. Photomicrog^raph (X650), enlargement of box in Pig. 15. Isolated 
nests of epithelium. Endothelial proliferation and perivascular infiltration. 


Biopsy of a lesion revealed no evidence of tuberculosis. There were superficial 
cornification and exfoliation of the stratified squamous epithelium. There was an 
increase of the fibrous tissue in the underlying corium, with marked edema and a 
smoothing of the rete pegs. The sweat glands were displaced and their coils were 
separated by the increased, edematous, connective tissue fibers. A mild degree 
of mononuclear ceU infiltration was noted. The deeper layers of the epidermis 
were pigmented, and the lymph spaces between the cells were dilated, with a 
tendency to vesicle formation. The capillaries showed evidence of proliferation. 
In the subcutis the vessel walls were greatly thickened, which had caused occlusion 
of the lumina, and there was marked perivascular infiltration. The striking feature 
was an angiitis. 

DISCUSSION 

These cases are strildngly similar in several respects. The leg lesions 
appeared in adolescence or early adulthood, and the attacks were 
precipitated by exposure to cold, usually coining in the late autumn. 
The condition continued throughout the wdnter, at which time the 
lesions were at the height of their activity. 
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The lesions lasted, a varying length of time, but gradually sub- 
sided, until, in the late spring or early summer, they healed, leaving 
sear formation and pigmentation. In sorne cases tlie ulcers may have 
failed to heal completely during a summer. The next fall there was an 
exacerbation of sjmiptoms and a recrudescence of lesions. 

There were burning and itching, then redness, followed by the ap- 
pearance of discrete, red, raised areas, with induration in which ex- 
cruciating pain was felt. This was followed by a more pronounced 
elevation of the lesions, which became a deeper red or violaceous color 
while the skin became very thin. Next there was an exudate of pink 
or black-tinged serum, giving waj'' to a yellowish exudate, true ulcera- 
tion, and slow healing, with cessation of pain. Lastly, there were sear 
formation and deep pigmentation of the scarred area. Not infrequent^ 
these lesions failed to progress to actual ulceration. 

In each ease, the most prominent histologic feature of the biopsy 
specimen was an angiitis, with necrosis of the panniculus adiposis and a 
definite inflammatory reaction, but there was absolutely no evidence of a 
tuberculous condition. 

Pernio has long been considered a dermatologic problem, when, in 
reality, it is a vascular problem, with secondary dermatologic manifesta- 
tions. It has been rather inadequately described in the American liter- 
ature, and seems to be of sufficient importance and interest to warrant 
a refocusing of attention on it. 

The lesions have a disfiguring effect on the limbs, leaving them per- 
manently scarred when the process is not in the stage of ulceration. 
This constitutes a mental handicap to its victims, in this day of thin 
stockings and short skirts. It is a debilitating condition, necessitating 
long periods in bed, or indoor rest, especially during the colder months 
of each year. 

It is interesting that Corlett’s patients had their lesions on the hands 
and wrists, Avhile ours and most of the German patients recently re- 
ported had theirs on the legs. In 1896, during the cold weather, women 
wore long drawers, heavy stockings, high boots, long skirts, and coats; 
the only parts of the body exposed to the cold were the hands. Today, 
women do not usually wear long drawers, heav)’' stockings, or high-top 
shoes; skirts are never lower than calf length for everj^day wear, and 
stockings are silk. The shoes are perforated and thin, with light soles. 
Consequently, from the mid-thigh dovm there is today little or no pro- 
tection in a woman's clothing against the cold. This exposes a large 
area of the body surface to cooling, with a resultant great loss of heat 
by radiation. In order to help maintain a constant body temperature 
and prevent heat loss, the vessels in the legs are necessarily forced into 
vasoconstriction, resulting in anoxemia of the supplied tissues. ^ This, 
in all probability, affects primarily the arterioles, and, secondarily, the 
tissues supplied by the minute vessels of the skin and the subcutaneous 
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zones, which bear the brunt of the anoxemia. The greater clothing 
protection which men customarily have iirobably accounts for the pres- 
ent rarity of pernio in the male sex. 

SUJIMARY 

Evidence has been presented that pernio is a vascular disease, af- 
fecting the smaller vessels of the skin, causing anoxemia of the supplied 
tissue, and resulting in necrosis and ulceration. Later, a definite 
sclerodermic-like change in the skin may occur. It is precipitated by a 
downward change in temperature, not necessarily freezing, but by mere 
cooling. This may occur at a temperature which, under ordinary cir- 
cumstances, would not cause an appreciable change in normal skin, but 
which causes definite changes in susceptible persons. Characteristically, 
exacerbations of this condition occur in the fall and winter, and re- 
gression in the summer. In long-standing cases, however, complete 
recovery may not occur in the summer. We believe that this is due to 
the extensive vascular changes in the tissues. 

We have been able to demonstrate giant cells in our sections, but we 
have found no evidence of tuberculosis. We have very carefully 
cheeked our patients clinically with this in mind, so that we can make 
the definite statement that our patients were free from clinical and roent- 
genologic evidence of active tuberculosis at the time their leg lesions 
were active. 

The following tentative criteria are suggested for the diagnosis of 
pernio. 

1. It may occur in both sexes, predominantly in females. 

2. It usually commences in adolescence or early adulthood. 

3. It is associated with cool or cold weather and may show spon- 
taneous recovery in warm weather. 

4. The lesions have a predilection for exposed areas, particularly the 
lower third of the leg, around the internal malleolus and calf. They 
may extend down to the dorsum of the foot and toes, and up the legs to 
below the Imees. 

5. The clinical course of these lesions may be characterized briefly as 
(a) the formation of a reddened area which later becomes elevated, 
hard, and very painful; (b) this becomes violaceous and fluctuating; 
(e) it opens, producing an ulcer; (d) this oozes, drains, and heals, 
becoming less painful; (e) a violaceous scar remains; and (f) the fol- 
lowing winter ulceration tends to recur in the same area. 

6. There is a definite pathologic picture. Most characteristic is, 
first, an angiitis of the smaller vessels; secondly, necrosis of the fat; 
and, thirdly, the presence of giant cells. This pathologic picture, while 
characteristic of all our cases, must not be considered morphologically 
specific, for a number of other vascular conditions present similar 
histologic clianges. They all represent a chronic irritative process in 
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the subepidermal tissue. Whether the irritative phenomenon is sec- 
ondary or primary cannot be definitely stated. 

Treatment of this condition is not specific, but the best results in our 
hands have been achieved by trhveekly treatments with aeetyl-beta- 
methylcholine chloride (mecholyl) by iontophoresis, and by protection 
of the legs with proper clothing from undue exposure. Living in a warm 
climate should minimize the occurrence of the lesions. 

Early recognition of this sjuidrome, and treatment as suggested, will 
help to prevent permanent disfigurement and long periods of incapacita- 
tion. 

The authors are grateful to Dr. Harry M. Zimmerman, of Yale University Medical 
School, for his kindness in reviewing their pathologic material. 
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„ DISCUSSION 

Dr. Irving S. Wrigi-it, New York. — Tlie last two papers emphasize the fact that 
livedo reticularis and pernio in particular, and I believe tliis holds for numerous other 
conditions, have been in the past erroneouslj' considered as diseases of the skin, and 
treated primarity bj' the dermatologist, frequently bj' means of the application of 
salves, ointments, and perhaps superficial roentgen therapy. 

Now, this is not to be regarded primarity an endeavor on the part of the workers 
in the field of vascular disease to try to move these diseases from one specialty to 
another, but it is important that we change our conception of them. In other words, 
as long as we treat these diseases as if they were only superficial local lesions, and 
do not understand the fundamental vascular changes underlj'ing them, I can see no 
hope for solution either from the viewpoint of the pathology, etiology, or treatment. 

That, in itself, constitutes in my mind a very important contribution to thought 
in this field, and I do not doubt that other so-called skin diseases will j-ield to 
similar tjqpes of study. Certainty that has been true of lupus erj'thematosus 
disseminatus, which has been studied so capably bj’ Libman and Sachs and others. 

Dr. Norman E. Freeman, Philadelphia. — Since Dr. McGovern and Dr. Wright 
feel that this condition is associated with normal vasoconstricting acti^dtj', I wonder 
if they have had any experience with sympathectomy in the treatment. 

We recently saw a patient who had a combination of livedo reticularis and pernio, 
on whom we did a paravertebral novocaine block, anesthetizing the sj'mpathetic 
lumbar ganglia. With the blanching of the reticular areas of the livedo reticularis, 
there was also a change from the cj'anotic appearance of these lesions of pernio to 
a nice, pink color. 

Dr. Nelson W. Barker, Rochester, Minn. — ^Although the clinical pictures of pernio 
and livedo reticularis are different, I am much impressed with the similarity of the 
pathologic changes in the arterioles of the skin. There is reason for believing that 
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this type of vascular lesion is not a specific one, for it is also seen in a number 
of other conditions in which the clinical pictures are different from one another. 
In livedo reticularis, the temperature of the skin is subnormal for long periods of 
time, both when the patient is exposed to cold and when he is in a normal environ- 
mental temperature. It is possible that this lowered temperature of the skin may 
be a factor in the production of the pathologic changes in the arterioles. 

Dr. Harold D. Levine, Concord, N. H. — I should like to ask Dr. McGovern 
whether these patients were tested for sensitivity to cold (“cold allergy”), and 
whether slie has any information as to the nature of tlie condition in its very in- 
ception. It would be of interest to know if in the early attacks the lesions are 
urticarial. 

Dr. Teresa McGovern, New York. — Sympathectomy was not performed in any 
of our cases of pernio; consequently, we are not in a position to pass comment on 
this tjqie of therapy. The lesions in pernio are not of an urticarial character, but 
are merely erythematous. This lesion has none of the characteristics of true cold 
allergy, as first described by Horton and Brown. The cold tests were done on all 
of these patients and none was sensitive to cold, as we understand cold sensitivity. 



INCIDENCE OP TYPES OP HEART DISEASE AMONG 30,265 
AUTOPSIES, WITH SPECIAL REFERENCE 
TO AGE AND SEX 

B. J. Clawson, M.D. 

Minneapolis, Minn, 

T he relative frequency of the various types of heart disease evi- 
dently is not the same in all localities. Rheumatic types are more 
common in the northeastern states than in Minnesota, and s.yphilitie 
types are more common in some of the soutliern states. 

It is difficult to obtain reliable information concerning the incidence 
of heart disease from death certificates because of the uncertainties of 
diagnosis. It is also difficult to find a large, nonseleeted, autopsy series. 

White, ^ in analyzing the literature on the incidence of the types of 
heart disease, stated: “Accurate information about the community 
incidence of heart disease is as yet scarcely available anj^vhere in the 
world. ’ ’ 

The purpose of the analysis in this paper is to give the incidence of 
the types of cardiac disease encountered among the autopsies which 
have been performed at the University of Minnesota Medical School 
during 1910 to 1938, inclusive. During this period there were 19,685 
autopsies on males and 10,580 on females, or a total of 30,265, not in- 
cluding those on stillborn infants. In this same period there were 
4,678 deaths from noneongenital cardiac disease (15.45 per cent of the 
autopsies). Congenital heart disease is not included because it oc- 
curred mainty in stillborn babies; the small number of cases in persons 
older than babies would increase the general incidence by less than 0.5 
per cent. 

The only cases included were those in which death was caused by 
cardiac failure, or by conditions fairly definitely associated with cardiac 
failure, such as uremia, or cerebral heinorrliage with hypertension, or 
rupture of a syphilitic aneurysm of the arch of tlie aorta. In most of 
these, when death was not due entirely to conditions in the heart it- 
self, there was an overlapping of heart disease, so that death would 
evidently have resulted soon from cardiac failure. Cases of valvular 
deformities or cardiac hypertroiih.y in which death was caused by some- 
thing other than heart disease, such as an automobile accident, were not 
included. The actual incidence of cardiac disease in this series was, 
therefore, eyen greater than that reported in this paper. 

From the Department of Pathology, University of Minnesota. 

Received for publication Feb. 3, 1941. 
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The percentage of cardiac deaths in this autopsy series, we believe, 
is near to the percentage of cardiac deaths in the general population in 
the State of Minnesota. The autopsy material was fairly representative 
and nonselected. The autopsies Avere done in general and private hospi- 
tals, on private patients of practicing physicians, and on the coroner’s 
service, Avhich was fairly large. In 1938 the percentage of autopsies 
was high, namely, 25 per cent in Minneapolis and 10 per cent in the 
State of Minnesota. The percentages in the preceding years, while 
someAvhat less, were also high. This material, because of its volume, 
AAude distribution, and large autopsy percentage, appears to be as good 
as any that could be found for making an approach to a statistical 
study of the incidence of the different types of cardiac disease. 

All cardiac autopsj’' records Avere restudied. ]\Iany of the cases Avere 
observed personally. 

The 4,678 eases Avere analyzed Avith respect to causes and incidence 
of types and to age and sex incidence. They Avere divided into tAvo 
main groups, namety, the infectious, consisting of 1,726 cases (36.9 
per cent), and the noninfectious (Table I), consisting of 2,952 cases 
(63.1 per cent). Relattyely, the cases of noninfectious heart disease 
increased from 55 per cent to 63.1 per cent from the time the total 
number of cardiac deaths aa^s 3,380, about ten years ago, to the end of 
1938, when the number AA’^as 4,678 cases. 


I. INFECTIOUS HEART DISEASE 


The infectious group comprises those classed as (A) rheumatic, 
(B) bacterial, (C) syphilitic, and (D) ‘‘toxic myocardium” (Table I), 


A. Rheumatic Heart Disease includes the land of valvulitis immedi- 
atety associated AAuth acute rheumatic fcAur or chorea, the different lands 
of valve deformities, and the cases in Avhich death resulted entirely or 
primarily from an adherent pericardium. 


In acute and recurrent rheumatic endocarditis there is acute infection, 
Avith active valvulitis and Augetations. In the recurrent type there are 
acute verrucous vegetations on valves AAdiich grossly show previous 
thickening. The various kinds of valve deformities are caused by re- 


peated attacks of rheumatic proliferative inflammation. 

There AA^ere 870 cases of rheumatic heart disease in the entire group. 
This Avas 50.4 per cent of the infectious group and 18.6 per cent of 
the entire 4,678 eases. The rheumatic group (Table I) was divided 
into (1) acute rheumatic endocarditis, ninety-eight cases (11.3 per cent 
of rheumatic group and 2.1 per cent of total), (5) recurrent rheumatic 
endocarditis, eighty-five cases (9.8 per cent of rheumatic and 1. per 
cent of total), (5) vatye deformities, 650 cases (74.7 per cent of rheu- 
matic and 13.9 per cent of total), and (4) adherent pericardium, thirty- 
seven eases (4.2 per cent of rheumatic and 0.8 per cent of total). There 



CLAWSON: INCIDENCE OF TYPES OF HEART DISEASE 


609 


Table I 

Cardiac Diseases (4,678 Cases) 


types 


I. Infectious (1,726) 

A. Eheumatic (870) 

1. Acute rheumatic (98) 

2. Eecurrent rheumatic (85) 

3. Valve deformities (650) 

a. Incompletely healed Class I 

(125) 

b. Completely healed Class II 

(265) 

c. Calcific nodular aortic Class III 

(260) 

4. Adherent pericardium (37) 

B. Bacterial (514) 

1. Primary acute (49) 

2. Secondary acute (101) 

3. Subacute (364) 

C. Syphilitic (327) 

1. Aortic insufficiency (180) 

2. Narrowing of coronary orifices 
(74) 

3. Eupture of aortic aneurysm (68) 

4. Gumma of myocardium (5) 


II. Noninfectious (2,952) 

A. Hypertensive, primary (2,597) 

1. Myocardial insufficiency (1,124) 

a. B.P. 150 or more (747) 

b. B.P. below 150; heart weight, 

M 500 or more; P 450 or 
more (149) 

c. B.P. unknown; heart weight as 

in (b) (163) 

d. B.P. unlmown; heart weight 

M below 500; F, below 450 
(65) 

2. Coronary sclerosis (935) 

a. B.P. 150 or more (285) 

b. B.P. below 150 or unknoim; 

heart weight M 500 or 
more; F 450 or more (290) 

c. B.P. as in h; heart weight M 

400-499; F 350-449 (360) 

3. Encephalopathy (apoplexy) (362) 

a. B.P, 150 or more (296) 

b. B.P. low or unknown; heart 
weight M 500 or more; F 450 

or more (66) 

4. Ee nal insufficiencj’’ (176) 

B. Coronary sclerosis; B.P. below 150; 

heart weight M below 400; P below 
350 (280) 

C. Pulmon ary hj'pertension (69) 

D. Miscellaneous (6) 

1. Thyroid heart (6) 

a. Hyperthyroid (5) 

b. Hypothyroid (1) 

2. Primary renal disease 

a. Glomerulonephritis (0) 

3. Beriberi heart (0) 

4. Cardiac hj^ertrophy and dilata- 
tion without h}7iertension 


PERCENTAGE 

OF 

PERCENTAGE 

OF 

GROUPS 



TOTAL GROUP 




36.9 




50.4 

11.3 



18.6 

2.1. 



9.8 




1.8| 



74.7! 

19.2 



13.9 

2.7 



40.8 




5.7 



10.0 




5.5 


4.2 




0.8 


29.8 

9.5 

■ 

B 

11.0 

1.0 



19.6 

!■ 



2.2 



70.8 


B 


7-8 i 


18.9 

55.0 

1 

■ 

7.0 

3.8 



22.6 


B 


1.6 



20.8 

■ 

B 


1.5 



1.5 




0.1 


O.F 


B 

B 




1 

1 



63.1 




‘ 88.0 , 

43.3 

60.6 


55.5 

24.0 

16.0 



13.3 




3.0 



14.5 




3.6 



5.8 




1.3 

1 

36.0 

30.5 



20.0 

6.1 



31.0 




6.2 



38.5 




7.6 


13.9 

81.8 



7.7 

6.3 



18.2 




1.4 


6.8 




3.8 


9.5 

I 

■ 


6.2 



2.3 


B 


1.5 



0.2 

100.0 

83.4 







16.6 






0.0 

0.0 






? 







D. Toxic myocardium (15) 
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were three classes of valve deformities (Table I), namely (a) the in- 
completely healed valve deformities, 125 eases (19.2 per cent of valve 
deformities and 2.7 per cent of total), (b) the completely healed valve 
deformities, 265 cases (40.8 per cent of valve deformities and 5.7 per 
cent of total), and (c) the calcific, nodular, aortic valve deformity, 
260 cases (40 per cent of valve deformities and 5.5 per cent of total)! 
Classes n and b might as Avell be considered together, for microscopic 
examination shows that some degree of activity is common to most of the 
valve deformities. Class c is regarded by some observers as not of 
rheumatic origin. We have analj’zed this group previously, and have 
failed to find any reason why it should not be classed as rheumatic. 
Structuz’ally, the calcific, nodular, aortic valve deformity cannot he 
difterentiated from calcific mitral lesions. If the calcific aortic valve 
deformity is not of rheumatic origin, one would have to conclude that 
the aortic valve is seldom infected with the rheumatic infectious agent. 
The calcific, nodular type of lesion is the one usually seen as a non- 
.syphilitic aortic valve deformity. 

Affe and Sex (Table II). Acute rheumatic endocarditis is primarily 
a disease of young persons. Thirty-two of the forty-eight males (66.7 
per cent) and thirty-one of the fifty females (62 per cent) died in the. 
first two decades. Seven males and fourteen females died in the third 
and fourth decades. Only nine of the forty-eight males and five of the 
fifty females died in decades above the fourth. In a large series of 
autopsies over a period of several years, acute rheumatic endocarditis 
is seldom found in older persons, but in our series of ninety-eight eases 
one man and two women died in the ninth and tenth decades. 

The number of each sex zvho died of the various t.^zes of heart dis- 
ease was compared vdth the total number of respective male or female 
autopsies from which the cardiac cases were taken during the same 
period. This method gave a more nearly correct percentage, or rate per 
thousand, of autopsies, and probably of the general population, than 
the percentage of the total number of cases which occurred in each sex 
in each type, for, in the upper decades, more autopsies were performed 
on men than on women. There were 19,685 autopsies on males and 
10,580 on females. In comparing the proportion of the sex incidence, 
the number per thousand (M) rather than the percentage (%) was 
used for the purpose of making the difference more apparent. 

In the acute rheumatic group there were 2.4 males per thousand and 
4.7 females per thousand, or about two females to one male. This is a sig- 
nificant difference. In only one of the decades, the third, was the dif- 
ference significant, i.e., 2.3 males per thousand and 8.5 females per 

thousand. 

In cases of recurrent rheumatic endocarditis death occurred some- 
what later than from acute rheumatic endocarditis. The greatest num- 
ber of males per decade was in the second and fourth, and, of females. 



Table II 

Age and Sex Incidence in Types of Eheumatic Heart Disease (870 Cases) 
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in the second, but it is to be noted that the number was relatively large 
from the second to the sixth for the males (thirty-eight, or 92.7 per 

cent) and from the second to the fifth for the females (thirty-four or 
77.3 per cent) . 

In the recurrent rheumatic cases, as in the acute rheumatic group, 
the females outnumbered the males. There were 2.1 males per thousand 
autopsies on males, and 4.1 females per thousand autopsies on females. 
The only decade in which there was a significant sex difference was the 
fifth, in which there were 1.9 males per thousand and 7.4 females per 
thousand. 

In the group of incompletely healed valve deformities (a) the greatest 
number of males per decade was in the fifth and of females in the fourth 
and fifth. Forty-eight of the sixty-eight males (70.6 per cent) and 
thirty-nine of the fift 3 '--seven females (68.4 per cent) died in the fourth, 
fifth, and sixth decades. 

In this group, also, there were more females than males (3.4 males 
per thousand and 5.4 females per thousand, which is a significant dif- 
ference). A significant sex difference was noted in the fourth decade 
(5.4 males per thousand and 10.9 females per thousand). In the second 
division of valve deformities (&), those with completely healed valves, 
the greatest number per decade in both sexes died in the fifth, which is 
about the same as in division a. One hundred thirteen of the 123 males 
(91.8 per cent) and 128 of the 142 females (90.1 per cent) in the valve 
deformities group (b) died in the third, fourth, fifth, sixth, and seventh 
decades. 

In this second class (b) of valve deformities there were 6.2 males per 
thousand autopsies on males, and 13.4 females per thousand autopsies 
on females, which is a significant difference. There was also a significant 
sex difference in three of the decades, namely, the fifth (12.8 males and 
28.9 females per thousand), the sixth (6.4 males and 21.3 females per 
thousand), and the seventh (2.4 males and 12.7 females per thousand). 

In the calcific, nodular, aortic valve deformity class (c), the greatest 
number of deatlas per decade in both sexes oecui’red in the sixth. Two 
hundred of the 214 males (93.7 per cent) died in the fourth, fifth, sixth, 
seventh, and eighth decades, and thirty-seven of the forty-six females 
(80.4 per cent) in the fifth, sixth, seventh, eighth, and ninth decades. 
It is evident that persons in this group live longer than those in the two 
preceding classes. 

Contrary to what was found in classes a and b, in class c the males 
greatly outnumbered the females. There were 10.9 males per thousand 
autopsies on males, and 4.3 females per thousand autopsies on females, 
which is a definite, significant difference. There was also a significant 
sex difference in five of the decades, namely, the fourth (12.7 males 
and 2.3 females per thousand), the fifth (12.8 males and 3.7 females 
per thousand), the sixth (13.7 males and 7.8 females per thousand). 
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the seventh (13.4 males and 6.7 females per thousand), and the eighth 
(19.3 males and 7.5 females per thousand). 

In the thirt 3 ’’-seven cases in which death was caused bj’' an adherent 
pericardium, the greatest number of males per decade died in the sec- 
ond and third decades. The highest per decade for the females was in 
the second. In this group there were 1.4 males per thousand autopsies 
on males, and 0.8 females per thousand autopsies on females. This 
difference was not significant. There was probably a significant sex 
difference in the third decade (4.5 males and 0.8 females per thousand). 

In the entire rheumatic group of 870 cases, the greatest number per 
decade in both sexes was in the fifth. 

There was probably a significant sex difference (26.5 males and 32.9 
females per thousand autopsies) , but this difference of 6.4 per thousand 
was relativelj'- small. A probably significant sex difference in the total 
rheumatic group was noted in three decades, namely, the first (6.3 
males and 10.4 females per thousand), the fifth (36.7 males and 52.7 
females per thousand), and sixth (27.6 males and 41.1 females per 
thousand). 

B. Bctcterial Endocarditis may be similar etiologieally to acute or re- 
current rheumatic endocarditis, but since the bacterial type runs a dif- 
ferent clinical course and shows different clinical manifestations, the 
diseases should be considered as separate entities. Patients with bac- 
terial endocarditis develop a secondary anemia, have embolic processes 
in the spleen, kidneys, brain, lungs, and intestines, run a septic course, 
and die, as a rule, within less than two years. The microscopic structural 
inflammatory reaction within the valves is similar to that in the valves 
in acute rheumatic endocarditis, but the vegetations are larger and soft, 
and, as a rule, contain manj”- colonies of bacteria. This large, heavily in- 
fected vegetation, we believe, accounts for the clinical and anatomic 
differences between acute rheumatic endocarditis and bacterial endo- 
carditis. 

There were 514 cases of bacterial endocarditis (29.8 per cent of the 
infectious cases and 11 per cent of the total). On clinical grounds, the 
cases of bacterial endocarditis were divided into three classes, namelj’', 
(7) primary acute bacterial endocarditis, in which death occurred 
within less than six weete after the beginning of symptoms, fortj’--nine 
cases (9.5 per cent of the bacterial and 1.0 per cent of the total), (5) 
secondary acute bacterial endocarditis, in which there was some other 
infection or some wasting disease, 101 cases (19.6 per cent of the 
bacterial and 2.2 per cent of the total), and (5) subacute bacterial 
endocarditis, in which the symptoms had lasted more than six weeks, 
364 cases (70.8 per cent of the bacterial and 7.8 per cent of the total). 
The two acute classes differ to some extent from the subacute class. 
The organism usually found in the blood of patients with subacute bac- 
terial endocarditis is the Streptococcus viridans. Streptococcus hemolyti- 
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cus, StapJiplococciis aureus, and the gonococcus are more commonly 
found in the clinically acute types. 

Affe and Sex {Table 111 ). — The greatest number of males per decade 
in the group of eases of primary acute bacterial endocarditis died in 
the fifth decade, and the greatest number of females in the fourth. In 
both sexes the majority of deatlis occurred in the earlier decades. 

Table III 


Age and Sex Incidence in Types op Bacterial Endocarditis (514 Cases) 


decade 

1 

AUTOPSIES 

PRIMARY 

ACUTE 

1 SECONDARY 
ACUTE 

SUBACUTE 

TOTAL 



NO. 1 M 

NO. 1 M 

NO. 1 M 

NO. 1 M 


Males (312 Cases) 


1 

2,978 

1 1 

0.3 

1 

0.3 

3 

1.0 

5 

1.7 

2 

645 

3 

4.6 

1 

1.5 

13 

20.1* 

17 

26.3* 

3 

1,324 

3 

2.3 

6 

4.5* 

45 1 

34.0 

54 

40.8 

4 

2,052 

3 

1.5^ 

11 

5.4* 

53 

25.6 

67 

32.6 

5 

3,132 

8 

2.5 

8 

2.5 

53 

17.0 

69 

22.0 

6 

3,439 

2 

0.6 

10 

2.9 

39 

11.3* 

' 51 

14.8 

7 

3,350 

4 

1.2 

8 

2.4 

27 

8.1* 

39 

11.6 

8 

2,172 

1 

0.5 

3 

1.4 

2 

0.9 

6 

2.8 

9 

565 

0 

0.0 

2 

3.5 

2 

3.5 

4 

7.1 

10 

28 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

Total 

19,685 

25 


50 

2.5* 

' 237 

12.0 

312 

15.8* 


Females (202 Cases) 


1 

2,208 

2 


2 

0,9 

3 

1.3 

7 

,3.2 

2 

574 

4 


2 

3.5 

22 

38.3* 

28 

48.8* 

3 

1,174 

5 


16 

13.6* 

38 

32.4 

59 


4 


8 


14 

10.9* 

28 

21.8 

50 

40.0 

5 

1,347 

0 

0.0 

5 

3.7 

18 

13.4 

23 

17.1 

6 

1,411 

1 

0.7 

7 

5.0 

9 

6.4* 

mm 

12.0 

7 

1,342 

2 


4 

3.0 

6 

4.5* 


8.9 

8 


2 


0 

0.0 

2 

2.1 

■a 

4.3 

9 . 

279 

0 

0.0 

1 

3.6 

1 

3.6 


. 7.2 

10 

32 

0 

0.0 

0 

0.0 

• 0 

0.0 

0 

0.0 

Total 

10,580 

24 

2.3* 

51 

4.8* 

127 

12.0 

202 

19.1* 


♦A significant difference. 


In this group the females predominated (1.3 males and 2.3 females 
per thousand autopsies). The outstanding and significant sex dif- 
ference was in the fourth decade (1.5 males and 6.2 females per thousand 
autopsies) . 

In the group of cases of secondary bactex’ial endocarditis the majority 
of deaths in both sexes occurred in the earlier decades. The greatest 
number of males per decade was in the fourth, and, of the females, in 
the third. 

As in the preceding group, the females outnumbered the males 
(2.5 males and 4.8 females per thousand autopsies). The greatest dif- 
ference was in the third decade (males 4.5 and females 13.6 per thousand 
autopsies). The next greatest sex difference was found m the fourth 
decade (5.4 males and 10.9 females per thousand autopsies). In the 
total and in both of these decades the sex differences were significant. 
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In the 364 cases of subacute bacterial endocarditis, the greatest num- 
ber of males per decade died in the fourth and fifth, and the greatest 
number of females in the third. Death occurred earlier in the females. 

The sex incidence in the entire group was the same (twelve per thou- 
sand autopsies in both). There was a probably significant sex difference 
in three decades, namely, the second (20.1 males and 38.3 females per 
thousand autopsies), the sixth (11.3 males and 6.3 females per thousand 
autopsies), and the seventh (8.1 males and 4.5 females per thousand 
autopsies). It is to be noted that in the earlier decade, the second, the 
females predominated, and, in the later, the sixth and seventh, the males 
predominated. 

In the entire group of 514 eases of bacterial endocarditis, acute and 
subacute, there was a significant sex difference (15.8 males and 19.1 
females per thousand autopsies). A significant sex difference was noted 
in only one decade, the second (26.3 males and 48.7 females per thou- 
sand autopsies) . The sex difference in the total number was due to the 
incorporation of the cases of primary and secondaiy acute endocarditis. 

C. Syphilitic Heart Disease {Table IV ). — The third group of cases of 
infectious heart disease are those of cardiac failure in which, except 
in one case, a gumma of the myocardium, syphilitic aortitis was present. 
There were 327 of these eases ( 18.9 per cent of the infectious heart dis- 
ease and 7 per cent of the total). 

Depending upon the manner in ivhich death occurred, these syphilitic 
heart diseases fell into four groups: (I) aortic insufficiency caused by 
sjTihilitic valvulitis, 180 cases (55 per cent of the syphilitic cases and 
3.8 per cent of the total) ; {2) narrowing of the coronary orifices, 
seventy-four eases (22.6 per cent of the s^Tihilitie cases and 1.6 per cent 
of the total) ; (5) rupture of a syphilitic aneurysm, sixty-eight cases 
(20.8 per cent of the syphilitic cases and 1.5 per cent of the total) ; 
and (4) gumma of the myocardium, five cases (1.5 per cent of the 
syphilitic cases and 0.1 per cent of the total). There Avas a good deal 
of overlapping in the first three classes. 

Age amd Sex . — The greatest number of males Avith aortic insufficiencj^ 
died in the sixth decade. The greatest number of the females died in 
the sixth and seventh decades. The majority of the males died in the 
fourth, fifth, sixth, and seventh decades, and the majority of females 
in the fifth, sixth, and seventh. 

The males in this division greatly outnumbered the females (8.0 males 
and 2.2 females per thousand autopsies). The tAA’^o decades in Avhich 
there AA'^as a significant sex difference AA’^ere the fifth (14.4 males and 
4.5 females per thousand) and the sixth (18.3 males and 5.0 females 
per thousand). 

In the group in AAffiich death AA’-as caused primarily bj^ narroAving 
of the coronary orifices, the greatest number per decade in both sexes 



616 


THE AilERICAN HEART JOURNAL 


occurred in the fourth. The majority in both sexes died in the fourth, 
fifth, sixth, and seventh decades. 

There was a preponderance of males, but it was not so great as in the 
aortic insufBciency group (2.8 males and 1.7 females per thousand). 
A significant sex difference was noted in the fourth decade (6.3 males 
and 2.3 females per thousand) . 

Table IV 


Age and Sex Incidence in Types of Syphilitic Heart Disease (327 Cases) 


DECADE 

AUTOP- 

SIES 

SYPHILIS 

(A) 

SY'PHILIS 

(B) 

SYPHILIS 

(c) 

SYPHILIS 

(D) 

TOTAL 


NO. 1 M 

NO. 1 M 

NO. 1 M 

NO. 1 M 

NO. 1 M , 


Males (274 Cases) 


1 

2,978 

0 

0.0 

0 

■SI 

0 

0.0 

0 


0 

0.0 

2 

645 

0 

0.0 

0 


0 

0.0 

0 

Kinl 

0 

0.0 

3 

1,324 

2 

1.5 

1 

■il 

0 

0.0 

1 

BiiM 

4 

3.0 

4 

2,052 

16 

7.8 

13 

6.3* 

4 

1.9 

1 


34 

16.6* 

5 

3,132 

45 

14.4* 

25 


21 

6.7* 

0 

liiil 

91 

29.1* 

6 

3,439 

63 

18.3* 

12 

3.5 

13 

3.8 

0 

0.0 

88 

25.6* 

7 

3,350 

29 

8.6 

5 

1.5 

17 

5.1* 

0 

1 0.0 

51 

15.2* 

8 

2,172 

1 

0.5 

0 • 

0.0 

4 

1.8 

0 

0.0 

5 

2.3 

9 

565 

1 

1.8 

0 

0.0 

0 

0.0 

0 

0.0 

1 

1.8 

10 

28 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

Total 

19,685 

157 

8.0* 

56 

2.9* 

59 

3.0* 

2 

0.1 

274 

13.9* 


Females (53 Cases) 


1 


0 

0.0 

0 

0.0 

0 

0.0 

0 


0 

0.0 

2 

574 

0 

0.0 

0 

0.0 

0 

0.0 

0 


0 

0.0 

3 

1,174 

2 

1.7 

1 

0.8 

0 

0.0 

0 


3 

2.6 

4 

1,283 

1 

0.8 

3 

2.3* 

0 

0.0 

2 


6 

4.7* 

5 

1,347 

6 

4.4* 

7 

5.2 

2 

1.5* 

1 


16 

11.9* 

6 

1,411 

■i 

5.0* 

3 

2.1 

4 

2.8 

0 

0.0 

14 

9.9* 

7 

1,342 

Wm 

5.2 

3 

2.2 

3 

2.2* 

0 

0.0 

13 

9.7* 

8 


0 


0 

0.0 

0 

0.0 

0 

0.0 


0.0 

9 

279 

0 


1 

3.6 

0 

0.0 

0 

0.0 


3.6 

10 

32 

0 


0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

Total 

10.580 

23 

2.2* 

18 

1.7* 

9 


3 

0.3 

53 

5.0* 


*A significant difference. 


In the cases in which death occurred mainly from rupture of a syph- 
ilitic aortic aneurysm, the greatest number of males per thousand was 
in the fifth decade, and females in the sixth. Most of the deaths in both 
sexes occurred in the fifth, sixth, and seventh decades. 

The males predominated (3 males and 0.8 females per thousand). 
There were two decades in which a significant sex difference was noted, 
namely, the fifth (6.7 males and 1.5 females per thousand) and the 
seventh (5.1 males and 2.2 females per thousand). 

There were only five cases of syphilitic cardiac disease in which death 
was caused by gumma of the myocardium (two males and three females) . 
The males died in the third and fourth decades, and the females in 
the fourth and fifth. 

D. Toxic Myocardium.— Deaih from toxic myocardium, the fourth 
group of cases of infectious cardiac disease, was rare. This group was 
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included with the eases of infectious disease because the lesion, in this 
series, generallj’" resulted from the effect of diphtheria toxin upon the 
heart muscle. There were fifteen cases (0.9 per cent of the infectious 
cases and 0.3 per cent of the total). 

n. NONINFECTIOUS HEART DISEASES 

The noninfeetious cardiac diseases (Table II) caused most of the 
cardiac failure in this series. The pei’centage of this group has in- 
creased from 55 per cent to 63 per cent in the autopsy material in the 
last ten years. There were 2,952 cases (63.1 per cent of the total 
cardiac deaths) in the noninfeetious heart disease group. 

This group of 2,952 eases was composed of {A) hj’pertensive heart 
disease, {B) coronary sclerosis without h.ypertension, (O') pulmonary 
hypertensive heart disease, and (Z>) miscellaneous forms, such as heart 
disease associated with {a) hyperthyroidism or (6) hypothyroidism 
(Table I). 

A. Hypertensive Heart Disease . — This large group includes the cases 
in which death was brought about by the effects of high blood pressure, 
primarily on the heart muscle. Cardiac hypertrophy and dilatation 
were usually present in these eases, but many of the patients died from 
coronary sclerosis, cerebral hemorrhage, or uremia. These cases have 
been classed as cardiac hypertrophy and dilatation, and chronic myo- 
carditis, but, since in the majority there was an intimately associated 
hypertension, it seems preferable to classify them as cases of hyper- 
tensive heart disease. There were 2,597 cases (88 per cent of the non- 
infectious cases and 55.5 per cent of the total). 

Depending upon the manner in which death occurred, the group has 
been divided into four divisions: (7) myocardial insufficiency, {2) 
coronary sclerosis with hypertension, {3) encephalopathy (apoplexy), 
and (4) renal insufficiency. 

1. Myocardial Insufficiency . — In these cases, wdth few exceptions, 
there were hj’-pertrophy and dilatation of the heart and congestive 
failure. There were 1,124 cases (43 per cent of the hypertensive group 
and 24 per cent of the total). The 1,124 cases were classed as hyper- 
tensive heart disease on the basis of a history of elevation of the blood 
pressure and upon the weight of the heart. A few cases in which there 
were congestive heart failure, but small hearts and no record of in- 
creased blood pressure, were also grouped with the hypertensive eases. 
A systolic blood pressure of 150 mm. Hg, or more, was taken to mean 
hypertension. There were 747 cases in which this required reading 
occurred. Male hearts which weighed 500 Gm. or more, and female 
hearts of 450 Gm. or more, in the absence of valve deformities or an 
adherent pericardium, were considered to be hypertensive hearts. In 
this group there were 149 cases (13.3 per cent of the myocardial in- 
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sumci'eney group and 3 per cent of the total) in which the systolic 
pressure was Imown to have .been below 150 mm. Hg, and 163 eases 
(14.5 per cent of the mjmeardial insufficiency group and 3.6 per cent of 
the total) in which the blood pressure was unknown. Hearts with hyper- 
trophj’’ in eases of glomerulonepliritis were not included. There was a 
small group with lieart weiglits below the above requirement (sixty-five 
cases, or 5.8 per cent of the eases of myocardial insufficiency and 1.3 
per cent of the total). These patients had had cardiac dilatation and 
general congestive failure. Most of them had some degree of hyper- 
trophy. 


Age and Sex {Table H). — In the group of patients with m^meardial 
insufficiency, the greatest number died in the seventh decade. A large 
majority of the deaths occurred in the fifth to ninth decades in both 
sexes. No deaths occurred in tlie first two decades among the males 
and in the first three decades among the females. 

Table V 


Age and Sex Incidence in Types op Hypertensive Heart Disease (2,597 Cases) 


1 

DECADE 1 

AUTOP- 

*SIES 

HYPER- 

TENSION 

I , 

HYPER- 

TENSION 

n 

HYPER- 

TENSION 

III 

HYPER- 

TENSION 

IV 

TOTAL 



NO. 1 M 

NO. ( M 

NO. 1 il 

NO. [ M 

NO. j M 


Males (1,881 Cases J 


1 

2,978 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

2 

645 

0 

0.0 

0 

0.0 

0 

0.0 

2 

3.1 

2 

3.1 

3 

1,324 

6 

4.5 

1 

7.5 

3 

2.3 

1 

0.7 

11 

8.3 

4 

2,052 

27 

13.2 

12 

5.8* 

10 

4.9 

9 

4.4* 

58 

28.3* 

5 

3,132 

99 

31.6 

104 

33.2* i 

37 

11.8*, 

29 

9.2 

269 

85.9* 

6 

3,439 

218 

63.4 

190 

55.2* 

79 

23.0 

28 

8.1 

515 

149.8* 

7 

3,350 

234 

69.8 

263 

75.5* 

66 

19.7 

26 

7.8 

589 

175.8* 

8 

2,172 

173 

79.0 

135 

62.1* 

34 

15.6 

7 

3.2 

349 

160.7 

9 

565 

39 

69.0 

41 

72.6* 

3 

5.4 

3 

5.3 

SO 

152.2 

10 

28 

2 

71.4 

0 

0.0 

0 

0.0 

0 

0.0 

2 

71.4 

Total 

19,685 

798 

40.5* 

746 

37.9* 

232 

11.8 

105 


|r|VST^|H| 

95.6* 


Females (716 Cases) 


1 

2,208 

0 

0.0 


0.0 


0.0 

0 

0.0 

0 

0.0 

2 

574 

0 

0.0 


0.0 


3.5 

5 

8.7 

7 

12.2 

3 1 

1,174 

0 

0.0 


0.0 


2.5 

3 

2.5 

6 

5.1 

4 

1,283 

18 

15.6 


2.3* 

10 

7.8 

18 

14.0* 

49 

38.2* 

5 

1,347 

39 

28.7 


4.4* 

31 

23.0* 

IS 

13.5 

94 

69.8* 

6 

1,411 

. 80 

56.7 

I 31 

22.0* 

30 

21.2 

12 

8.5 

153 

108.4* 

7 

1,342 

94 

70.0 

69 

51.4* 

31 

23.1 


5.2 

201 

149.8* 

8 

930 

70 

75.3 

69 

73.1* 

15 

16.1 


6.4 

160 

172.0 

9 

279 

25 

89.4 

11 

39.4* 


25.1 


3.6 

44 

157.7 

10 

32 

0 

0.0 

0 

0.0 

■1: 

31.1 

IKI 

31.2 

2 

62.5 

Total 

10.580 

326 

30.8* 

189 

17.8* 

130 1 

12.3 

71 1 

6.7 

716 

67.7* 


*A sigTiificant difference. 


There was a significant sex difference in the total group of 1,124 cases 
(40.5 males and 30.8 females per thousand autopsies). No significant 
sex difference existed in any of the decades in this group. 
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2. Coronary Sclerosis With Hypertension. — The second group of eases 
of cardiac disease with hypertension Avere tliose in which death Avas due 
primarily to coronary sclerosis or to sclerosis and thrombosis. There 
AA^ere 935 cases (36 per cent of the li.ATiertensiA^e group and 20 per cent 
of the total). 

On the basis of the CAudenee of hypertension, three groups of the 
eases of coronary disease AA’^ere recognized: those in AA'hieh there aa^s a 
s.A^stolic blood pressure of 150 mm. Hg or more, 285 eases (30.5 per cent 
of the hypertensiA'’e coronary group and 6.1 per cent of the total) ; those 
in AA’-hich the systolic blood pressure AA'as beloAA" 150 mm. Hg, or the 
blood pressure AAms unknoAAm, and in AAdiieh the male heart AA^eights AA^ere 
500 Gm. or more, and the female, 450 Gm. or more, 290 cases (31 per 
cent of the hyiiertensiA’^e coronary cases and 6.2 iier cent of the total) ; 
and those in AA^iieh the systolic blood pressure Avas beloAA’^ 150 mm. Hg, or 
AA^as unknoAAOi, and in AAdiieh the male heart AA'eights Avere 400 to 499 Gm., 
and the female, 350 to 449 Gm. Some in this third diAosion may haA^e been 
questionabl}'' hypertensive eases, but probably in most of them, especiallj’" 
those in AAdiich the heart Aveights AA'^ere greater, there Avas a degree of 
hypertrophy most like that caused by hypertension. In this division 
of hypertensiA’’e coronary sclerosis there AA'ere 360 cases (38.5 per cent 
of the h5’’pertensive coronary sclerosis cases and 7.6 per cent of the 
total) . 

Age and Sex {Table V). — The greatest number of males in the eases 
of hypertensive coronary sclerosis died in the seventh decade, and, 
of the females, in the seventh and eighth decades. The majority of 
the males Avere in the fifth to eighth decades and the females in the sixth 
to ninth decades. The males greatly outnumbered the females in the 
total number of 935 cases (37.9 males per thousand autopsies on males 
and 17.8 females per thousand autopsies on females). There AA’^as a 
significant male predominance in all the decades in AA^iich death occurred 
except in the third, in Avhich there AAms onlj^ one death, a male. The 
greatest sex difference Avas in the fifth decade (33.2 males and 4.4 females 
per thousand autopsies). 

3. Encephalopathy {Apoplexy). — The third diA'ision of the hyperten- 
sive cases included those in AA^iich death AAms caused by cerebral hemor- 
rhage. In most of these there Avere also eA'idenees of cardiac failure, both 
clinically and at autopsy. Death evidently Avould probably have resulted 
from cardiac failure had life not been terminated bj’’ hemorrhage of the 
brain. 

In this apoplectic group there AA-^ere 362 cases (13.9 per cent of the 
hypertensive group and 7.7 per cent of the total). By our method 
of determining the presence of hypertension, this apoplectic group AAms 
dmded into tAA'o subgroups. In the first (296 eases, or 81.8 per cent 
of the encephalopathy group and 6.3 per cent of the total) the recorded 
blood pressure Avas 150 mm. Hg or more. Those in the second, consisting 
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of sixty-six eases (18.2 per cent of the encephalopathy eases and 1.4 per 
cent of the total), were classed as hypertensive cases because the male 
hearts all Aveighed 500 Gm. or more, and the female hearts, 450 Gm. or 
more. It is probable that some eases of cerebral hemorrhage in which 
the blood pressure Avas less than 150 mm. Hg and the hearts weighed 
less than 500 Gm. in males and 450 Gm. in females should be included 
in this group, but they AA’^ere not because it could not be determined Avith 
certainty that hypertension had existed. 

Ag& and Sex {Table V ). — The greatest number of males died in the 
sixth decade, and, of the females, in the fifth and seventh. A large 
majority of the deaths in both sexes occurred in the fifth to eighth 
decades. In the entire number there was no significant sex difference, 
but in the fifth decade there Avas a preponderance of females (11.8 males 
and 23 females per thousand autopsies) . 

4. Renal Insufficiency. — The fourth group of hj^pertensive eases Avas 
composed of those in which, although as a rule there Avere signs of 
cardiac failure, death Avas caused hy uremia. Death AA^ould likely have 
been cardiac had uremia not intervened. In all of these there AA^as a 
systolic blood pressure of 150 mm. Hg or more, or a male heart weight 
of at least 500 Gm. or a female heart Aveight of at least 450 Gm. There 
Avere 176 renal cases (6.8 per cent of the hypertensive group and 3.8 
per cent of the total). 

Age and Sex {Table F). — ^hlost of the deaths in both sexes occurred 
in the fourth, fifth, sixth, and seventh decades. There Avere tAvo males 
and five females in the second decade, and one male and three females 
in the third decade. 

The sexes Avere about equal (5.3 males and 6.7 females per thousand 
autopsies). A significant sex difference was noted in one decade, the 
fourth, in Avhich the females outnumbered the males (4.4 males and 
14.0 females per thousand autopsies) . 

B. Coronary Sclerosis Without Hypertension. — The second group of 
noninfectious heart diseases was coronary sclerosis Avithout hypertension. 
In all of these cases there Avas either a history of Ioav blood pressure 
or the male hearts Aveighed less than 400 Gm., and the female hearts 
less than 350 Gm. There Avere 280 of these (9.5 per cent of the non- 
infectious cases and 6.2 per cent of the total) . The total number of 
cases of coronary sclerosis in the entire cardiac group was 1,215. The 
280 cases in Avhieh there was no hypertension constituted 23 per cent of 
the entire number of cases of coronary sclerosis. This indicates that 
in about 77 per cent of all cases of coronary sclerosis there is an as- 
sociated hypertension. 

Age and Sex {Table FI).— Most of the deaths in both sexes occurred 
in the fifth, sixth, seventh, and eighth decades. The males greatly 
outnumbered the females (12.6 males and 3 females per thousand 
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autopsies). In the entire group of eases of coronary sclerosis, with 
or without hypertension, the ratio of males to females was 2.5 : 1 (males 
50 per thousand and females 20 per thousand) . 


Table VI 

Age and Sex Incidence in Coronary Sclerosis Without 
Hypertension (280 Cases) 


decade 

MALES (248 CASES) 

FEMALES (32 CASES) 

AUTOPSIES 

NO. 

M 

AUTOPSIES 

NO. 

11 

1 

2,978 

0 

0.0 


0 

0.0 

2 

645 

0 

0.0 

574 

0 

0.0 

3 

1,324 

4 

3.0 

1,174 

0 

0.0 

4 

2,052 

18 

8.8* 

1,283 

1 

0.8* 

5 

3,132 

51 

16.3* 

1,347 

5 

3.7* 

6 

3,439 

65 

18.9* 

1,411 

6 

4.2* 

7 

3,350 

53 

15.8* 

1,342 

6 

4.5* 

S 

2,172 

39 

17.9* 


9 

9.7* 

9 

565 

16 

28.3 

279 

5 

17.9 

]0 

28 

2 

71.4 

32 

0 

0.0 

Total 

19.685 

248 

12.6* 

10.580 

32 



*A significant difference. 


C. Pulmonary Hypertension. — Primary, right-sided heart failure as a 
result of increased pressure in the pulmonary artery is not an uncommon 
condition. There were sixty-nine eases (2.3 per cent of the noninfeetious 
cardiac eases and 1.5 per cent of the total) in this sei’ies. The cause 
of primary, right-sided heart failure, or cor pulmonale, is not a specific 
one. In the sixt.y-nine cases the causal factors, listed in order of their 
frequency, were as follows: pulmonary tuberculosis (sixteen), bronchial 
asthma (fifteen), bronchiectasis (nine), pulmonary arteriosclerosis 
(nine), chest deformity (five), pulmonary embolism or thrombosis (five), 
emphysema (three), silicosis (two), pressure of a syphilitic aneurysm 
of the aorta upon the pulmonary artery (one), and nonspecific pul- 
monary fibrosis (one). 

Age and Sex. — Thirty-nine of the forty-two males (92.8 per cent) 
and twenty of the twenty-seven females (74 per cent) died in the fourth 
to seventh decades. The sexes were about equal (2.1 males and 2.5 
females per thousand autopsies). 

H. Miscellaneous Ch'oup of Cases of Cardiac Failure. — There were few 
cases in this group. The thyroid heart, or cardiac death caused di- 
rectly by the effects of hyperthj'-roidism or hypothyroidism upon the 
myocardium, was rare in our material. There were five cases in Avhich 
the cardiac hypertrophy, dilatation, and congestive failure appeared 
definitely to be the result of hyperthju’oidism. One patient with 
myxedema died of typical congestive heart failure. 

The heart in eases of chronic glomerulonephritis regularly undergoes 
hjqiertrophy and dilatation, and clinically there is evidence of cardiac 
failure. The final cause of death, however, is uremia. "We have had no 
cases of glomerulonephritis with congestive heai't failure vdthout uremia. 
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No case of beriberi heart, in so far -as could be ascertained, was 
found among the more than 30,000 autopsies. 

Cardiac hj'pertropliy and dilatation without Iiypertension, in the ab- 
sence of valve deformity, still remains a much discussed and doubtful 
condition. It occurs congenitally in children and may possibly be found 
in the adult. It appears doubtful whether we have any such cases. The 
stigmata of hypertension were so common in those of our cases in which 
the blood pressure was not found to be elevated that we prefer to leave 
the question, “Is there an adult idiopathic cardiac hypertrophy and 
dilatation? open for further study. All such cases in this analysis 
are included in the li^'-pertensive groiqi witii myocardial insufficiency. 

DISCUSSION 

In a series of 30,265 autop.sies there were 4,678 cardiac deaths (15.45 
per cent). Etiologieally, these were classed as eases of rheumatic, 
bacterial, syphilitic, hypertensive, arteriosclerotic (coronary), pulmo- 
naiy hypertensive (cor pulmonale), and thyroid (hyper- and hypo-) 
heart disease. 

The rheumatic group, 870 cases, comprised 18.6 per cent of the entire 
number of eases. Of these 870 eases, ninety-eight (11.3 per cent) were 
eases of acute rheumatic endocarditis, eighty-five (9.8 per cent) were 
cases of recurrent rlieumatic endocarditis, and 650 (74.7 per cent) 
were cases of healed or nearly healed valve deformities; thirty-seven 
patients (4.2 per cent) died from the effects of an adherent pericardium. 

The number of rheumatic cases in which death occurred during an 
acute attack was small. Patients ivith the calcific aortic valve deformity 
lived the longest. Acute rheumatic endocarditis is a disease primarily 
of young persons. 

The sexes were almost equally represented in the rheumatic group, i.e., 
25.6 males and 32.9 females per thousand autopsies. This was true only 
in the group as a whole. In the early decades the females predominated, 
and, in the later decades, the males were greatly in excess. 

The 514 eases of bacterial endocarditis constituted 11 per cent of the 
entire cardiac group. In forty-nine of the 514 (9.5 per cent), the dura- 
tion of symptoms was less than six weeks, and these were classed as cases 
of primary acute bacterial endocarditis. In 101 (19.6 per cent), the 
symptoms were the same as in the cases of primary acute endocarditis, 
but were secondar.y to some infection or wasting disease, and these cases 
were therefore classed as secondary acute bacterial endocarditis. In 364 
of the 514 cases (70.8 per cent), the sj^mptoms had lasted for more than 
six weeks, and these were classed as cases of subacute bacterial endo- 
carditis. 

In the combined group the greatest number of males died in the fifth 
decade, and the greatest number of females in the third. In the two 
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groups of acute endocarditis, the females predominated with a ratio of 
nearly 2 :1. In the eases of subacute endocarditis the number was equal 
(twelve each per thousand autopsies). A factor in the sex difference in 
the cases of secondary acute endocarditis was the relatively large num- 
ber of eases of abortion which were included. It is possible that among 
the cases of primary acute endocarditis there may have been some un- 
detected abortions. The subacute endocarditis, as a rule, was caused 
by the Streptococcus viridans, whereas the organisms most frequently 
found in the acute cases were Streptococcus hcmolyticus and Staphylo- 
coccus aure^i-s. 

There were 327 eases (7.0 per cent) of syphilitic cardiac disease in 
the entire series of 4,678 heart easas. In 180 (55 per cent), death oc- 
curred from aortic insuffieiene.y ; in seventy-four (22.6 per cent), from 
narrowing of the coronary orifices; in 68 (20.8 per cent), from rupture 
of an aortic aneurysm; and, in 5 (1.5 per cent), from gumma of the 
myocardium. 

The majoritj'’ of deaths occurred in the fourth, fifth, and sixth decades. 
The males predominated in the entire group, with a ratio of 2.8:1. 
The greatest preponderance of males was in the aortic insufficiency 
group (3.6:1). 

Hypertension was by far the most frequent cause of cardiac disease. 
Of the total of 4,678, 2,597 (55.5 per cent) were hypertensive cases. In 
1,124 (43.3 per cent) of these 2,597 cases, death was caused by myo- 
cardial insufficiency; in 935 (36 per cent) by coronary sclerosis; in 362 
(13.9 per cent), by cerebral hemorrhage; and, in 176 (6.8 per cent), 
by renal insufficiency. In most cases, cardiac hypertrophy and dilata- 
tion were also present in the last two groups. 

In all of the eases of hypertension, death occurred usually in the later 
decades, i.e., the fifth, sixth, seventh, eightli, and ninth. Males pre- 
dominated among the patients ivlio died of myocardial insufficiency 
(1.3:1) and coronary sclerosis (2.1:1). No significant sex difference 
was noted in the apoplectic and renal insufficiency groups. 

There were 280 cases (9.5 per cent) of coronary sclerosis without 
hypertension. The total number of cases of coronary sclerosis with 
hypertension (935) and without hypertension (280) was 1,215 (25.9 
per cent of all cardiac deaths). The males in the eases of coronaiy 
sclerosis without hypertension predominated with a greater ratio 
(4.2:1) than in those with lypertension. 

Coronary sclerosis and the calcific nodular aortic valve deformity 
groups were the two outstanding divisions of heart disease in which 
there was a marked male preponderance. In the aortic stenosis group, 
this is explained by the fact that the aortic valve is involved more 
commonlj’- in males than in females. The reason for the preponderance 
of males in the cases of death from coronary disease is not apparent. 
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Primary right-sided heart failure (cor pulmonale) was caused by a 
variety of conditions, and was distributed about equally between the 
two sexes. 

Cardiac, death from hyperth 3 a’oidism or hypothyroidism, without any 
other cardiac disease, was rare in this series of autopsies. 

SUMMARY 

A total of 4,678 cardiac deaths in a series of 30,265 autopsies (15.45 
per cent) was analyzed. The incidence of the types, with the age and 
sex distribution, is given. 

A classification of heart disease based upon etiology and autopsy 
observations is presented. 

The statistical determinations were performed by Alice Marie Moeglein, M.S. 
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THE N0III\IAL ELECTROCARDIOGRAM 

I. Analysis of the Extremity Derhlvtions Prom 100 Normal Persons 
AVhose Ages Ranged From 30 to 50 Years 

Kaj Larsen, M.D., Copenhagen, and Th. Skiilason, M.D., Reykjavik 

U NTIL a few years ago, there was only one comprehensive work on 
the normal electrocardiogram, namely, that of Lewis and Gilder^® 
(1912), in which an account is given of the appearance of the extremity 
derivations from fifty-two normal men whose ages ranged from 18 to 35 
years. It seems, however, as if it was realized in several quarters about 
simultaneously that a series of only fift 3 >--two normal subjects is in- 
sufficient, in view of the present scope of clinical electrocardiography. 
The result was a number of studies on the normal electrocardiogram, 
among which the following may be mentioned: Jensen, Smith and 
Cardwright,^^ Gross,® Hadorn,® Shipley and Hallaran,^^ Benedetti and 
Sabena,® Schulz,^’- Chamberlain and Haj'^,® Warnecke,®® and Jenner, 
Hoskin, and Jonescu.^® In addition, several papers have been published 
on questions of details, some of which will be cited occasionally in the 
following. 

When, notwithstanding the appearance of these modern studies, we 
believe we are still able to offer an additional contribution concerning 
the normal electrocardiogram, it is largely for the following two reasons. 
On going through the above-mentioned publications it is found that most 
of the experimental subjects were very young persons, or, in a couple of 
the studies, elderlj^ i.e., persons over 50, whereas the age class from 
30 to 50 jmars is poorlj^ represented. And we believe that this very age 
class is of particular interest, for it is between the ages of 30 and 50 
jmars that the degenerative heart lesions commence to assert themselves. 
In the next place, it is found that, in contrast to Lewis and Gilder, the 
more modern investigators have given an insufficient account of the suit- 
abilitj^ of the apparatus for the tracing of the electrocardiogram. It is 
to be emphasized that, even though the employment of amplifiers means 
an advance, these apparatuses are encumbered with just as many pos- 
sibilities of error as the string galvanometers, although of a different 
nature. From the following — ^under “Technique” — it will be evident 
how thorouglihv and comprehensivel.y the apparatus itself ought to be 
examined. 

From the Medical Department B, the Rigshospital, Copenhagen. 
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EXPERIMENTAL SUBJECTS 

Our material comprised 100 normal persons n-hose ages were between 30 and 50 
years; twenty-five men and twenty-five women were between 30 and 40, and 25 men 
and twenty-five women were between 40 and 50. The average ages for the four 
groups were 34.7, 35.0, 44.0, and 43.8 years, respectively. Of the women, forty-one 
were nurses in tlie Eigshospital, and nine were liospitalized patients. Of the men, 
seven were physicians, twenty-one were functionaries at the Bigsliospital or similar 
institutions, and the rest were hospitalized patients. Of the patients here employed 
as “normal” subjects, seventeen were under treatment in Department B (lumbago- 
sciatica, seven patients; dyspepsia or gastroduodenitis, eight patients; omarthritis, 
one patient; sequelae of phlebitis, one patient), nine patients were in the Surgical 
Department C (fracture of the leg, four; hernia, two; lipoma, two; contusion of 
the face, one), and five patients were from Department H (eczema of slight degree, 
three; eiythrasma, one; psoriasis of slight degree, one).* 

All of the experimental subjects stated that they were able to stand physical 
exertion (work, sport) without having circulator}' symptoms. None of them had 
ever had rheumatic diseases, but ten had liad a mild attack of scarlet fever, and 
eight, a mild attack of diphtheria, many years earlier. Ordinary physical examina- 
tion revealed no abnormality in any of them. As to their weight, most of them 
came very near the average given for their respective sex, age, and height in the 
weight tables of the Hafnia Insurance Co. In a couple of the cases the weight 
was 16 to IS per cent above average. In all 100 subjects, roentgenographic examina- 
tion of the chest showed that the heart was normal in shape and size, and that the 
lungs were normal. In all subjects the systolic blood pressure was less than 150 mm. 
mercury, and the diastolic, less than 100 mm. The sedimentation rate of the erythro- 
cytes (in one hour) did not exceed 8 mm. for the men and 12 mm. for the women. 
The hemoglobin per cent was at least 85 (100 per cent = 18.5 volumes per cent of 
ox}'gen). The blood Wassermann reaction was negative on the hospitalized patients, 
and not done on the other subjects. 

The subjects were selected solely on the basis of their anamnestic data. Because 
of the results of the objective examinations, a few subjects had to be excluded, 
namely, three for anemia, two for increased sedimentation rate, one for increased 
blood pressure, and two for adiposity. In the subject with increased blood pres- 
sure, the electrocardiogram showed left preponderance, and in one of the subjects 
with adiposity the electrocardiogram showed left preponderance and a QKS complex 
lasting 0.114 sec. In the other eases the electrocardiograms were normal. Finally, 
one subject, a nervous man, aged 32 years, was excluded because his heart rate dur- 
ing the tracing exceeded 100 per minute; in this case the S-T segment kept a level 
of 1 mm. below the isoelectric line in Leads II and >S. 


TECHNIQUE 


The records were taken partly with derivation from the extremities, as used by 
Einthovens (Leads I, II, and III), partly ndth the precordial derivations used by 
Groedelv (Leads i and a), and always ndth the subject in the reclining posture 
Tlie results of our studies on Leads d- and s appear in a subsequent paper. 
The electrodes employed on the extremities, measuring about 70 sq. cm., were made 
of rust-proof steel, and covered with felt that was moistened in hot saline. 


*We wish to acknowledge our indehtedness Pro?es*sor H. Haxthausen, 

partment H of the Rigshospital. uenartments We likewise wish to 

for permission to examine the Patients from these departments, w Holler, 

give our best thanks to the chief of the X-Baj Clinic, ^ro es experimental subjects, 
and his assistants, for the roentgenographic examination at our experm, c 
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Most of the apparatus employed for the taking of the electrocardiogram was 
furnished by the Siemens and Halske A. G., and put together by Professor M arburg. 
In this apparatus the derived electrical potentials are amplified bj' two identical, 
four-stage, resistance-coupled amplifiers, with direct entrance to grid and earth, 
direct outlet to the oscillographic loops, and an entrance resistance of 1,000,000 
ohms. 'With these amplifiers. Leads I and II are recorded simultaneously, and then 
Lead III is recorded with the same amplifier as Lead I. The tracing is made with 
bifilar oscillographic loops from Siemens and Halske A. G. The rate of movement 
of the photographic paper was 70 mm. per second. The time marking was done with 
a tuning fork and synchronizing motor from the Cambridge Scientific Instrument Co. 
Ltd., of London. On the shaft of the motor, which makes five revolutions per second, 
there is a disc with four slits, one of which is wider than the others, making the 
marked intervals 0.05 and 0.20 sec. 

The suitability of the apparatus for the tracing of electrocardiograms was con- 
trolled frequentl}’. The sensitivitj’ of the amplifiers was controlled every day the 
apparatus was used ; each derivation was supplied with a test pressure of 1 millivolt ; 
the deflections for 1 mv. were about 20 mm. The capacity of the amplifiers for 
sjunmetrical tracing, true as to amplitude, and the accuracy of the timer were 
controlled about every twenty records. In all eases in which disproportionality and 
asymmetry gave rise to errors of more than 3 per cent in the height of the waves, 
corrections were made. The error from this source in the size of the various waves 
was, for waves up to 15 mm. in height (1.5 mv.), at the most, 0.5 mm.; and for 
waves up to 30 mm. in height, at the most, 1 mm. The timer was adjusted by 
tracing, on the film, the vibrations of a tuning-fork (a^) which was checked in the 
Eeichanstalt fiir physikalischen Messungen, Berlin, and found to have a period of 
435 Hertz; the corrections, which were carried out invariably, never exceeded 2 per 
cent. Finally, through special tests, we have made sure that this apparatus, when 
it is used for electrocardiogi-aphy, gives a record of the oscillations that is true 
as to frequency and phase. In making these tests, we ascertained the time constants 
of the two amplifiers, which, in both instances, were found to be 1.54 sec.; and, 
further, the damping constants and individual frequencies of the oscillographic loops 
were ascertained through analysis of individual charges sent directly through the 
loops. The latter examination, which was carried out by Professor 'Warburg, showed 
that the damping constants of the loops here employed were, respectively, 0.78 and 
0.67, and that the individual frequencies of the two loops were, respectively, 870 and 
820 Hertz. 

In measuring the records, the isoelectric line was taken as a straight line that 
just touched the lower margin of the curve corresponding to the segments between 
the end of the U waves and the beginning of the P waves. The deviation of the 
P-Q segment from the isoelectric line was always measured at the point where the 
segment reached farthest dou-n below, or farthest down towards, the isoelectric line. 
The deviation of the S-T segment from the isoelectric line was always measured at 
the point corresponding to 0.05 sec. after the end of the QES complex. The size of 
the waves was measured from the inferior margin of the isoelectric line to the 
inferior margin of the curve at the apices of the waves. The measuring was done 
with calipers and a diagonal scale on six successive complexes in each derivation; the 
height of the waves was taken as the average of the six waves and converted to milli- 
volts. The size of the waves was recorded in millimeters, so that 10 mm. = 1 mv., 
which is the form of recording most commonly employed. In repeated readings 
on the same wave, the error of the reading has not exceeded ±0.2 mm. (corresponding 
to about ±0.1 mm. in the tabulated results). The duration of the various intervals 
was measured by means of calipers, and the time registered on the record, and given 
in seconds. Here, too, the measuring w-as carried out on six successive complexes 
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in each derivation. Because o£ the rapid rate at which the photographic paper 
traveled, it was possible to read the times within 0.005 sec.; this figure gives also 
the numerical value of the reading eiTor in repeated measurements of the same 
interval. 

On measuring the electrocardiograms it was found that the size of the waves 
and the length of the intervals varied a little from one complex to another. Gen- 
erally , tliis variation is assumed to be due chiefly to changes in the position of the 
heart resulting from the respiratory movements. In order to get an idea about the 
correctness of the values given for the size of the waves and the length of the 
intervals, it was necessary, therefore, to know the dispersion on these values. These 
dispersions were not calculated for the present material, but are known from previous 
work in which one of us (K. L.) took and measured electrocardiograms on twenty 
normal, younger persons with the same teclmique as described above. G. Rasch, Ph.D., 
calculated the dispersions for some of the more important values in Lead 11, and 
found them to be 0.55 mm. for the E, wave, 0.31 mm. for the T wave, 0.004 sec. 
for the P-Q interval, 0.003 sec. for the QRS complex, and 0.005 sec. for the Q-T 
interval. The aforementioned reading errors are included, of course, in these values 
for the dispersions. A review of the measuring results shows that the dispersions in 
Lead I must be of the same magnitude as in Lead II, whereas the dispersions for 
the R. wave and the T wave in Lead III must be a little greater. 

RESULTS 

The results are summed up separately for each of the aforementioned 
four groups of experimental subjects. As there were only insignificant 
differences attributable to sex and age, the results of the totah analysis 
of all 100 cases will be given first. 

THE P WAVE 

In Leads I and II the P wave was positive in all 100 subjects except 
one, in whom it was diphasic (- 0.5 + 0.5 mm.) in Lead II. In Lead III 
there occurred positive, diphasic, and negative P waves (Table I). In 
Leads I and II the P wave had most often the form of a gradual curve, 
and was pointed but seldom. It was only in 10 per cent of the eases, 
however, that the curve was entirely smooth; 90 per cent of the records 
showed from one to four small notches (or small waves). This notching 
was rarely so pronounced that the P wave might properly be designated 
as bifid; this was found only five times in Lead II. 

In Lead I the average height of the P wave was 1,0 mm., and in 
Lead II it was 1.3 mm. In these two leads no P wave was lower than 
0.5 mm., and none higher than 2.5 mm. The highest P wave in the 
individual subject was found seventy-nine times in Lead II, twenty-four 
times in Lead I, and once in Lead III. (That the total incidence of this 
property in the three leads in these and similar data is not 100 per cent 
is due to the fact that in eases in which, for instance, the P wave was 
of the same height in two leads and higher in these than in the third 
lead, we have recorded the P wave as being highest in both of the two 
leads concerned.) 
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The average duration of the P wave was 0.10 see.; the shortest P wave 
lasted 0.070 sec., and the longest, 0.133 sec. In the individual subject 
the difference in the duration of the P wave in the different leads was 
0.04 sec. at the most; eighteen subjects showed a difference greater than 
0.02 see., and, in fifty-seven cases, the difference was greater than 0.01 
see. The longest P wave was found thirtj’'-two times in Lead I, fifty-one 
times in Lead II, and thirty-one times in Lead III. In the electro- 
cardiographic literature, as a rule, 0.10 sec. is given as the upper limit 
for the normal duration of the P wave. In eighty-two of our 100 sub- 
jects the P wave lasted 0.10 sec. or more in at least one lead, and in six 
subjects, even 0.12 sec. or more. According to our observations, there- 
fore, the P wave may be said to be abnormally wide only in cases in 
which its duration is 0.14 see. or more in at least one lead. 

Table I 


The P Wave 



LEAD 

1 

n 

HI 

Form (no. of subjects) 




Positive 

100 

99 

67 

Diphasic 

0 

1 

24 

Negative 

0 

0 

9 

Smooth 

12 

10 

10 

Notches 

88 

90 

90 

Bifid 

0 

5 

0 

Sise (mm.) 




Minimum 

0.6 

0.5 

0.9 

Maximum 

1.9 

2.1 

1.7 

Av. 

1.0 

1.3 


P wave largest (no. of subjects) 

24 

79 

1 

Duration (sec.) 




Minimum 

0.074 

0.0S3 

0.070 

Maximum 

0.133 

0.132 

0.128 

Av. 

0.100 

0.103 

0.099 

0.10 sec. or more (no. of subjects) 

58 

69 

46 

0.12 sec. or more (no. of subjects) 

4 

6 

4 

P wave longest (no. of subjects) 

32 

51 

31 


THE P-Q SEGMENT AND THE P-Q INTERVAL 

The P-Q segment signifies the section of the curve from the end of the 
P wave to the beginning of the QRS complex, whereas the P-Q interval 
(conduction time) signifies the time from the beginning of the P wave 
to the begining of the QRS complex. In about 95 per cent of the cases 
the course of the P-Q segment was horizontal ; in the rest it was rising or 
going donm (Table II). In Leads I and III the P-Q segment most often 
followed the isoelectric line. In Lead II the P-Q segment was below the 
isoelectric line in a little more than one-half of the cases; the P-Q segment 
took this course, also, fourteen times in Lead I and twenty-one times in 
Lead II. Further, in Lead III this segment was found above the iso- 
electric line in twelve cases. The maximal deviation from the isoelectric 
line in either direction was 0.5 mm. 









630 


THE AMERICAN HEART JOURNAL 


TJie average duration of the P-Q interval was 0.163 see. ; the shortest 
duration was 0.107 see., and the longest, 0.218 see. In eight subjects the 
duration in one or more leads was 0.20 sec. or more; in two subjects the 
duration was over 0.21 see., namely, 0.214 and 0.218 sec., respectively. 
In no subject was the duration of the P-Q interval simultaneously in all 
three leads less than 0.12 sec. In the present series the duration of the 
P-Q interval showed no relation to the pulse rate; but, of course, this 
does not exclude the possibility of such a relation in the individual per- 
son. Consequentlj’-, for “prolonged conduction time” we have to require 
that the duration of the P-Q interval be 0.22 see. or more in at least one 
lead, and for “abnormally short conduction time” we have to demand a 
P-Q interval which lasts less than 0.12 sec. in all three leads. However, 
the conduction time may also be designated as prolonged in some cases 
in which the P-Q interval is less than 0.22 see., namely, in those in which 
the conduction time is at least 0.02 .see. longer than it was in a previous 
electrocardiogram taken under the same conditions. 


TABIiE II 


The P-Q Segment and the P-Q Interval 




LEAD 



I 

II 

HI 

Course of P-Q segment (no. of subjects) 



94 

Horizontal 

96 

93 

Easing 

0 

3 

5 

Falling 

4 

4 

1 

Isoelectric 

86 

46 

67 

Above isoelectric line 

0 

0 

12 

Below 

14 

54 


Duration of P-Q mterval (sec.) 


0.121 

1 

0.107 

Minimum 

0.112 

Maximum 

0.218 

0.214 

0.212 

Av. 

0.162 

0.164 

0.163 

0.20 sec. or more (no. of subjects) 

7 

6 

5 

Less than 0.12 sec. (no. of subjects) 

4 

0 

1 

P-Q longest (no. of subjects) | 

35 

47 

40 


The P-Q interval was longest in Lead I in thirty-five subjects, in 
Lead II in fortj^-seven, and in Lead III in forty. The greatest differ- 
ences between the duration of this interval in the three leads in the 
individual subject were 0.05, 0.048, and 0.03 sec.; in nine subjects the 
difference was 0.02 see. or more; in fortj^-nine subjects the difference was 

0.01 sec. or more. 


Table III 


Simultaneous Occurrence of the Q 'Wave or the 


LEADS 


WAVE 

1 

i-ii-iii 1 

1 I-il 

i-lil 

li-lii 

Q 

28 

28 

0 

15 

S 

48 1 


0 

20 


S Wave in the Different Leads 


I 

H 

III 

none 

27 

0 

0 

2 

10 

0 

7 

4 
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THE QRS COMPLEX 

Form . — ^Most often the QES complex was diphasic or triphasic; only- 
in rare instances did it consist of a single wave, and, then, ahvaj’-s of the 
R wave. Sneh a monophasic QRS complex occurred only two times in 
Lead I, seven times in Lead II, and six times in Lead III. The fre- 
quency of the Q and S waves is given in Table V, and Table III shows 



how often Q waves or S waves were foimd simultaneously in two or 
three leads. It will be noticed that neither the Q wave nor the S wave 
was ever found simultaneously in Leads I and III without being present 
in Lead II, and also that these waves never occurred in Lead II alone. 
This is in keeping with Einthoven’s equation, namely. Lead II - 
Lead I = Lead III. 

In some of the cases the QRS complex in Lead III was very irregular, 
with as many as three positive and negative waves, besides additional 



632 


THE AJIERICAN HEART JOURNAL 


nodules and notching. Some examples of such irregular complexes are 
shown in Fig. 1. In some eases the QFS complex was more than 
triphasic in Leads I and II, also, and the S wave was followed by a small 
positive wave. This wave has no designation in Einthoven's nomencla- 
ture, and hence it is sometimes designated as “hmominate”; it occurred 
eleven times in Lead I, tAvelve times in Lead II, and eighteen times in 
Lead III. In Lead III this wave is known clinically as “the second 
positive E wave of Lead HI,” and diagnostic significance has been at- 
tached to its presence. For this reason it will be mentioned again in the 
last paragi’aph of this section. 

Here mention is to be made also of the occurrence of nodules 
(punctate thickening) and notching of the waves. In order to avoid 
mistakes, we have to demand that the deformity must turn up again 
and again in a number of complexes. Still, the location of the de- 
formities may vary a little ; furtlier, a deformity maj’’ turn up in some 
complexes as a nodule and in the following complexes appear as a slight 
notching. These variations are attributed to changes in the position of 
the heart caused by the respiratory movements. We have found it con- 
venient to apply the designation basal to the nodules and notches located 
in that quarter of the Avaves that is nearest the isoelectric line, and de- 
formities outside this part are designated as apical. 


Table IY 

Occurrence of Nodules and Notching on the R, Q, and S Waves 


WAVE 

deformities 

1 LEADS 

i-ii-ni 

1 i-ii 1 

i-iii 

1 H-III 

I 

1 « 

in 

NONE 

B 

Apical ] 

20 


S 


13 


21 

18 

E 

Apical + basal 

30 


15 


6 


16 

5 

Q 

Apical + basal i 

0 

0 

0 


1 

BB 

12 

S3 

s 

Apical + basal | 

5 

4 

2 


7 


19 

41 


From Table IV it is evident that nodules and notching are vezy com- 
mon deformities of the R wave, but less frequent on the S wave, and 
particularly infrequent on the Q waim. The latter fact is due to the 
circumstance that the Q and S waves are absent in several derivations, 
and very small in others. Apical deformities on the R wave were found 
in twenty subjects simultaneously in all three leads, in twenty-three 
subjects simultaneously in at least two leads, and in thirty-nine subjecte 
in only one lead; thej^ were absent in all leads in eighteen subjects. 
Taking the apical and basal deformities together, they ivere present in 
thirty-six subjects simultaneously in all three leads, and in only five 
subjects was the R ivave smooth in all three leads. In these five su 
jeets, however, the Q wave or the S Avave showed some notching or 
nodules, so that the QES complex in no instance was free from these 
deformities simultaneously in all three leads. 
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After these observations, we are not able, like some clinicians, to 
attach any diagnostic significance to these deformities. It maj* be that 
notching of a certain degree is of some importance. On going through 
our records, we find, for instance, that in no ease did the R wave in 
Leads I and II show apical notches in which the shortest limb measured 
more than 1 mm., or in wliieh the shortest limb was longer than one- 
sixth of the height of the wave. But furtlier investigation of this point 
is required. 

Size and Dwation . — The average size of the R wave was 7.7 mm. in 
Lead I, 10.2 mm. in Lead II, and 4.6 mm. in Lead III (Table V). In 
thirty subjects the R wave was highest in Lead I, in seventy subjects in 
Lead II, and in two subjects in Lead III. In fifteen subjects the R wave 
in Lead I was less than 5 mm. high; the same was the case in two sub- 
jects in Lead II, and in fifty-nine subjects in Lead III. On the other 
hand, in no instance did all three derivations from the same subject 
show an R wave less than 5 mm. in height; in other words, in this series 
no instance of “low voltage” occurred. 

Table Y 


The QES Complex 



1 LEAD 

I 

II 

m 

B wwve (size in mm.) 




Minimum 

1.8 

4.1 

0.7 

Maximum 

12.4 

23.4 

20.8 

Av. 

7.7 

10.2 

4.6 

Less than 5 mm. (no. of subjects) 

15 

2 

59 

E wave largest (no. of subjects) 

30 

70 

2 

Q wave (size in mm.) 




Maximum 

5.1 

4.4 

3.9 

Av.* 

0.7 

0.9 

1.1 

Present (no. of subjects) 

S3 

70 

42 

S wane (size in mm.) 




Maximum 

5.4 

5.8 

7.6 

Av.* 

1.5 

1.9 

2.6 

Present (no. of subjects) 

72 

79 

74 

Duration of QBS complex (sec.) 




Minimum 

0.065 

0.067 

0.065 

Maximum 

0.108 

0.118 

0.121 

Av. 

0.084 

0.087 

0.088 

O.OS sec. or more (no. of subjects) 

62 

69 

70 

0.10 sec. or more (no. of subjects) 

4 

12 

12 

QES longest (no. of subjects) 

26 

42 

52 


•These averages are calculated per number of waves present. 


Calculation of the dispersions on the size of the R wave showed that 
the dispersion was ±2.2 mm. in Lead I, ±3.1 mm. in Lead II, and 
±3.4 mm. in Lead III. Tailing the triple values of tlie dispersions as 
sufficiently safe limits for the normal variation in the size of the R wave, 
we may then characterize the R wave as abnormally high when it measures 
20 mm. or more in Lead II, and 15 mm. in Leads I and III. In three of 
our subjects the heiglit of the R Avave fell outside these limits, namely, 
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in Case 83, in Leads II and III (E^ = 23.4 mm., Eg = 20.8 mm.), and 
in Cases 44 and 61 in Lead III (Eg, respeetivelj^, 15.4 and 16.7 mm.). 
The diagnostic significance of an abnormally high E wave is yet unsettled 
and has to be investigated on clinical material; among others, there is 
the question whether the E wave has to be abnormally high in aU three 
leads in order to be of significance, or perhaps merely in one or two leads. 

The Q wave was present twice as often in Lead I as in Lead III, 
whereas the occurrence of the S wave was about equally frequent in all 
three leads. Prom the average values it will be noticed that the Q wave 
in many cases was small. 

In the three leads the average duration of the QES complex varied 
between 0.084 and 0.088 sec. The difference in the duration of QES in 
the different leads in the individual subjects was greater than 0.01 sec. 
in twenty-eight eases, and greater than 0.02 sec. in sis eases; its maxi- 
mum was 0.029 see. The QES complex was longest in Lead I in twenty- 
sis subjects, in Lead II in forty-two, and in Lead III in fifty-two. The 
shortest measured duration was 0.065 see., the longest, 0.121 sec. In 
eight5^ subjects the duration was 0.08 sec. or more in at least one lead, 
and in fourteen subjects it was 0.10 sec. or more. In the literature, 0.10 
sec. is given as the upper limit for the normal duration of the QES 
complex.^® In order to make the diagnosis of intraventricular block, 
the duration of the QES complex has to exceed 0.12 see. ; a QES complex 
lasting 0.10 to 0.12 sec. is characterized as “prolonged,” with the addi- 
tion that “such records are regarded by some as instances of incomplete 
bundle branch block.” According to our observations, QES complexes 
lasting from 0.10 to 0.12 sec. have to be looked upon as normal (for the 
age classes here examined), and the diagnosis of intraventricular block 
requires a QES complex of more than 0.12 second’s duration. 

Left and Right Preponderance . — The question of preponderance is diffi- 
cult to deal with because of the prevailing uncertainty as to which 
records show preponderance, and what these changes signify. In a sub- 
sequent work we hope we shall be able to return to these problems, and 
hence we shall here limit ourselves to a few brief remarks. 

As is well known, for every point in the QES complex it is possible to 
calculate and plot the angle for the electric axis and the value for the 
electrical potential when we Imow the potentials corresponding to the 
point in at least two derivations. Corresponding to the QES complex, 
the end point of this vector follows a curve (vector diagram) of more or 
less irregular form. If this curve falls exclusively within the quadrant, 
with the angles from 0 to +90° (right lower quadrant), preponderance 
is out of the question. If, on the other hand, the greater part of the 
curve falls -within the quadrant with the angles from 0 to -90° (right 
upper quadrant), there is preponderance of the left side of the heart; 
and, if the greater part of the curve falls within the quadrant with the 
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angles from +90° to +180° (left lower quadrant), there is right pre- 
ponderance. One of the difficulties consists in giving simple rules to 
show which records correspond to the vector diagrams described. From 
theoretical studies, one of us (K. L.) has set up the following rules: 
jPo 7 ' right preponderance it is required that the S ivave in Lead I exceed 
the R leave in the same derivation as to size and duration. For left pre- 
ponderance it is required that the S ivave in Lead III exceed the B wave 
in the same denvation as to size and duration, and also that it he greater 
than one-half of the R wave in Lead I. After some preliminary studies^ 
these rules appear to function satisfactox'ily; but they are not applicable 
to cases in which the QRS complex is markedl}^ diphasic in all three 
derivations. 

As we are not in possession of vector diagrams from our 100 subjects, 
we have analyzed the electrocardiograms according to the rules given 
above. We found left preponderance in five cases, namely, in two men 
(aged 35 and 41) and three women (aged 45, 46, and 47). In two of 
these subjects the body weight was above the normal average; on the 
other hand in neither case did the roentgenograms show any pronounced 
transverse position of the heart. In eighteen other subjects the S wave 
in Lead III was greater than the R wave, without being half as great 
as the R wave in Lead I. The greater part of the vector diagi’am cor- 
responding to such a record will fall within the space between 0° and 
+30°, and hence the record maj’’ be designated as showing a tendency 
toward left preponderance. Of these eighteen subjects, twelve were 
men, and eight of these men were over 40 years old ; all of the six women 
Avere over 40 years of age. Therefore, left preponderance and a 
tendency toAvard it AA^ere considerably more frequent in the age class of 
40 to 50 years than in the age class of 30 to 40 years. In nine of these 
eighteen subjects the AA'eight AA'as aboA^e the normal average. 

There AA^as no instance of right preponderance, but in two cases the 
record AA^as “right sided,” i.e., the S AA'ave in Lead I AAms approximately 
equal to the R AvaAm. Both of these subjects Avere thin young men (aged 
30 and 31), AAuth AAude chests. 

Other Aspects of the QRS Complex. — No large AA'as observed in 
this series. On the other hand, in some of the cases the Q waAm in 
Leads I and II exceeded the limits given by Kossmann, Shearer, and 
Texon^^ for the normal absolute and relatNe sizes of the Q Avave, for 
in tAA'o cases AA^as greater than 2 mm., and in five cases greater than 
15 per cent of the highest AAmAm in all three derivations; and, in one 
case, Q„ Avas greater than 20 per cent of the highest Avave in all three 
derivations. 

“M” or “W” complexes'* AA^ere not encountered in Leads I and II, 
but they AA'ere seen in Lead III, AAdiere they are of no significance. 

QRS complexes of the forms described by Proger and l\IinniclP° 
(left preponderance with positive T„ and T, > T^ and/or S, > 1/^ R, 
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and/or < % EJ were encountered twice. Case 64 (a woman, aged 
47) showed left preponderance, a positive Tg, and an S wave in Lead 11 
that was greater than one-half of Egj and Case 92 (a woman, aged 46) 
showed left preponderance, a positive Tg, and a T wave in Lead I that 
was smaller than Yt of 

As mentioned before, eighteen of our subjects showed, in Lead III, 
an additional positive wave after the R wave. In nine of these eighteen 
subjects the QRS complex in Lead III met the criteria set up by Katz 
and Slater^^ for “the second positive R wave of the QRS complex,” for 
here the second positive ivave occurred in records with left preponder- 
ance, or a tendency toward it; in six of the eases the second positive 
wave was greater than the first. Of timse nine subjects, five were men 
(aged, respectively, 35, 35, 39, 46, and 47) and four, women (aged 41, 
45, 46, and 47). 

THE S-T SEGMENT 

In Leads I and II the S-T segment proceeded most often obliquely up- 
ward (Table VI) because of the fact that in these derivations the T wave 
was always positive. In Lead III the segment was most often horizontal 
because of the diphasic, isoelectric, and negative T waves which occurred 
in this derivation. Saddle-shaped S-T segments^^ were seen in twenty- 
two subjects, in whom they occurred fourteen times in Lead I, thirteen 
times in Lead II, and four times in Lead III. In eighteen cases the 
saddle form was associated with the presence of an additional positive 
wave in the QRS complex; in the remaining thirteen cases the S wave 
was absent. On account of the frequent occurrence of a saddle-shaped 
S-T segment in a series like the present, we are not able to attach any 
great diagnostic importance to this change. Further investigation of 
this question is planned. 


Table VI 
The S-T Segment 




LEAD 



I 

n 

III 

Course 

Horizontal (no. of suhjeets) j 

12 

12 

63 

Rising (no. of subjects) 

74 

75 

17 

Palling (no. of subjects) 

0 

0 

16 

Saddle-shaped (no. of subjects) 

14 

13 

4 

Isoelectric (no. of subjects) 

40 

36 

47 

Above isoelectric line (no. of subjects) 

t 46 

44 

38 

1.2 

Maximal elevation (mm.) 

1.3 

0.9 

Below isoelectric line (no. of subjects) 

14 

20 

15 

! 0.6 

Maximal depression (mm.) 

0.3 

0.5 


Deviations of the S-T segment from the isoelectric line, as mentioned, 
were ahvays measured 0.05 sec. after the end of the QRS complex. This 
is expedient, for in this way we avoid designating as abnormally nega- 
tive those S-T segments that fall more than 1 mm. under the isoelectiie 
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line onl}" just after their start from the QBS eomplex. The frequencj" 
of an isoelectric level and elevation and depression of the S-T segment in 
the various derivations is evident from Table VI — likewise, the maximal 
deviations of the S-T segment from the isoeleetrie line in either direction. 
In no instance did the S-T depression exceed 1 mm., and in no instance 
was the S-T elevation 1.5 mm. or more. Therefore, S-T segments show- 
ing such deviations will be designated as abnormal. It is to be added, 
however, that, in our estimation, no particular significance is to be 
attached to elevations of the S-T segment above 1.5 mm. if the form of 
the segment and the following T wave are normal. 

In practice, the isoelectric line is often established as a horizontal line 
tlirough the P-Q segment, espeeiall.y in cases in which, because of a 
rapid heart beat, there is no horizontal segment between the end of the 
T wave and the beginning of the P wave. When there "was an auricular 
T wave,^^ however, several subjects sliowed a depression of the P-Q 
interval. Then the question is how much the S-T segment has to deviate 
from the P-Q segment in order to be designated as abnormallj’’ negative. 
According to our observations, the requirement is that the S-T segment 
in Leads I and II, when there is no positive deflection of the P-Q seg- 
ment (Table II), must be 1 mm. or more below the level of the P-Q 
segment; and in Lead III, in which the P-Q level may be as much as 
0.5 mm. over the isoeleetrie line, the S-T segment must lie 1.5 mm. or 
■ more below the P-Q level. This means that we shall be unable to make 
a diagnosis of an abnormalhv negative S-T segment in several of those 
cases in which the S-T segment in Leads I and II was 1 to 1.5 mm. 
below the isoelectric line proper (in Lead III, 1 to 2 mm. below the iso- 
electric line), and in which the P-Q segment also was negative, but, as 
far as we can see, this cannot be helped. 

THE T WA\T!: 

In Leads I and II the T wave was positive in all 100 subjects; in 
Lead III it was positive in fifty-eight subjects, diphasic in twenty-five, 
isoeleetrie in six, and negative in eleven. The curve of the T wave was 
always quite smooth, i.e., free from the small notches that are so common 
in the P, R, and S waves. 

In Lead I the average size of the T wave was 2.6 mm., and, in Lead II, 
3.0 mm. In forty records the T wave Avas largest in Lead I, in sixty-two 
it was largest in Lead II, and in no instance was it largest in Lead III. 
In three of the subjects the height of the T wave in Lead I was less than 
1 mm. In Lead II, on the other hand, the T wave was in no instance less 
than 1 mm. Therefore, in the present series there was no instance in 
which the T wave Avas less than 1 mm. in all three derivations. On 
calculation, the dispersion for the T wave in Lead I was found to be 
+0.96 mm.; and in Lead II it was ±1.10 mm. If, as usual, we take the 
triple values for the dispersions as sufficiently safe limits for the normal 
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variations in the size of the T wave, we find that a of 6 mm. or more 
and a of 6.5 mm. (in practice, 7 mm., or more) may be designated 
as abnormally high. In our series these limits were exceeded only once, 
namely, in Case 80 (man, aged 39), whose T wave in Lead I was 6.5 mm! 
in height. 


Table vn 
The T Wave 


Form 

Positive (no. of subjects) 
Diphasic (no. of subjects) 
Isoelectric (no. of subjects) 
Negative (no. of subjects) 

(mm.) 

Minimum 

Maximum 

Av. 

Less than 1 mm. (no. of subjects) 
T wave largest (no. of subjects) 


lead 

I 

n 

ni 

100 

100 

58 

0 

0 

25 

0 

0 

6 

0 

0 

11 

0.7 

1.1 

1.9 

6.5 

5.S 

4.3 

2.6 

3.0 


3 

0 


40 

62 

0 


In Lead III the largest negative T tvave measured 1.9 mm. Of the 
two largest diphasic T waves, the negative phase measured respectively 
1.2 and 1.1 mm., and the positive phase, 0.5 and 0.8 mm. In the other 
cases both phases measured less than 1 mm. 

THE Q-T INTERVAL 

Data on the duration of the Q-T interval are of significance only in 
connection with data on the average duration of the R-R interval, i.e., 
the pulse rate, because the duration of the Q-T interval is largely de- 
pendent upon the rate of the heartbeat. For this relation, formulas of 
different types have been devised; the best known are the one given 
by Bazett,^ in 1920, namely, systole = K x V^ycle, in which Bazett 
found K to be 0.37 for men and 0.40 for women, and that given by 
Fridericia,® likewise in 1920, namely, Q-T = 8.22''^R-R. In Fridericia’s 
equation the constants were ascertained from the examination of fifty 
normal persons of both sexes, whose ages ranged from 2 to 81 years; the 
limit of experimental error was found to be ±0.045 see. 

The results of our study are recorded in Fig. 2, in which the duration 
of the R-R interval in seconds is plotted along the axis of abscissas, and 
the duration of the Q-T interval in seconds is plotted along the ordinate. 
The curve corresponding to Fridericia’s equation is inserted in the 
figure. It will be noticed that the distribution of our data is uneven; in 
ninety-three of the cases the figures fell above Fridericia’s curve, and 
below in only seven. The cause of this must be an error in the method. 
Since we were unable to find such an error in our study, we turned to 
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Fridericia’s report, and noticed in iiartieular that, even tliougli Fride- 
ricia calls attention to the importance of an accurate timer, he fails to 
state whether his timer was adjusted, and how. On further investiga- 
tion it was found that Fridericia’s timer must have been running about 



10 per cent too slow in order to be able to cause all the difference be- 
tween his results and ours. And, in our opinion, an eiTor of 10 per cent 
in tlie measuring of such short periods as those concerned here is not 
large enough to attract attention without regular and sj^stematic ad- 
justment. 
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Instead of correcting Fridericia’s equation according to onr results, 
we have done something else. A glance at Fig. 2 shows that the curva- 
ture of Friderieia’s curve in the field of frequency with which we are 
concerned (48-85) is so slight that the curve may readily be replaced 
by a straight line. The equation for this line must be the formula 
y = a • X -f- b. We have ascertained the constants by graphic plotting, 
and arrived at the following result : 

Q-T = 0.125 X R-R + 0.28 sec. 

In this equation Q-T and R-R are given in seconds. Although this 
equation was obtained graphicallj'', it is fully satisfactory for our data, 
as is evident from the fact that, in our 100 cases, the standard deviation 
from the line corresponding to this equation was -0.00052 sec., i.e., very 
insignificant. 

The mean error (m) of the individual deviation (A) may be calcu- 
lated from the formula m = ± -xj— . in which n is the number of 

^n-2 

observations, and is found to be ±0.0164 see. Therefore, the actual limit 
of error is ± 0.0492, or, practically, ±0.05 sec. Both the lines correspond- 
ing to the obtained equation and those corresponding to the limits of 
error are plotted in Fig. 2, and it udll be noticed that, in all our 100 
cases, the figures fell within the field marked off in this way. 

The obtained equation maj^ be written as follows : 

Q-T == i/s R-R + 0.28 ± 0.05 sec. 


In this form the equation is so easy to remember and employ that the 
examiner at the bedside may readily decide whether or not the Q-T 
interval is of normal duration, without the use of tables or other ad- 
juvants. 

It is worth while, we believe, to look into the question whether there 
is any difference in the duration of the Q-T interval in the two sexes. 
The studies reported bj^ Bazett were suggestive of such a difference, and 
further analysis of Fig. 2 shows that in a majority of our female sub- 
jects the Q-T interval had a positiA'^e deviation from the mean line, 
AAdiereas the Q-T interval in a majority of the male subjects showed a 
negative deviation. The average dcAuation for the fifty Avomen Avas 
+0.0088 sec., and for the fifty men it Avas -0.0098 sec., AAdiich suggests 
that the Q-T interval is of longer duration in Avomen than in men, but 
the total difference between the AVomen and men AA'as 0.0176 see., and this 
is so small in proportion to the mean error of the deviations in the tAA^o 
groups that it is not significant statisticalljL It Avill require a con- 
siderably greater number of obserAmtions to settle the question of a pos- 
sible sex difference.* 


*T)r Torffen Frost has called our attention to the fact that Adams and Sebastiani 
prev?ousir& derived formulas of the same type as ours for the relation between 
'T' on /1 T? "R intArvpli Adams^ formula (J« Clin. Inv6Sti£ration lo. 335, i936) is 
I4fi4^-R-R + 0 2572 sec and Wes values for Q-T which, with rates from 40 
m^0"a?e only 4^ to 1 per cent below the values calculated from our formula The 
formulfof°&ltLni Urch. d. mal d« ^oeur 8i: 973 193|) is Q-T = %o R-K + 22.2 
sec., and gives an all-too-short duration of the Q-T interval. 
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THE U WAVE 

Tlie U wave always had the form of a low, smooth, upward, convex — 
i.e., positive — curve. No negative U wave was observed. Our subjects’ 
heart rates w^ere such that the U wave was always free of the T as well 
as the P wave. In Lead I the U Avave was visible in fifty-seven subjects, 
in Lead II in eighty-three, and in Lead III in forty. In fifteen subjects 
the U Avave could not be seen in any of the three derivations. 

ARRHYTHJIIA.S 

Distinct respiratory arrhythmia, i.e., variations in the E-R interval 
of 0.10 see. or more, occurred in tAA'enty-four subjects, thirteen of AAdiom 
Avere Avomen, and eleven, men. 

One man, aged 45, shoAved a single ventricular extrasystole. None 
of the subjects had anj^ sensation of extras.ysto]es. 

Other ari’hythmias Avere not encountered. 

SEX AND AGE DIEFERENCES 

AH the features of the electrocardiogram mentioned in the preceding 
sections Avere examined Avith a vicAV to ascertaining Avhether there Avere 
sex and age differences. In all positive and doubtful cases we have 
ascertained AA'hether the difference betAveen the tAvo averages Avas greater 
or smaller than three times the value of the mean error of the differ- 
ence (mo) , As is Avell Imown, the formula for mo is mo = V 
in Avhich mA and mn are the mean error of the tAVo averages. The re- 
sults are given in Table VIII, in AA'hieh the statistically significant dif- 
ferences are shoAvn in italics. 


Table VIII 

Sex and Age Differences 


Av. height of waves (nim.) (Lead II) 
P wave 
R wave 
T wave 

Av. duration (sec.) (Lead II) 

P wave 
P-Q interval 
QES complex 

Other components (no. of subjects) 
P-Q positive in Lead III 
S-T positive in Lead I 
S-T positive in Lead II 
Saddle-shaped S-T 
Left preponderance and "leftj'” 
“Second positive Riit” 
Respiratory arrhythmia 


men 

1 

WOMEN 

30-40 

teaks 

40-50 

teaks 

1.3 

1.3 

1.3 

1.3 

10.8 

9.6 

10.5 

9.9 

3.4 

2.7 

3.0 

3.1 

0.106 

0.101 

0.102 

0.105 

0.168 

0.160 

0.163 

0.165 

0.092 

0.083 

0.088 

0.086 

1 

11 

8 

4 

Si 

IZ 

26 

20 

SO 

14 

23 

21 

10 

12 

5 

17 

14 

9 

5 

18 

5 

4 

3 

6 

11 

13 

16 

8 


As is evident from Table VIII, the waves on an average are higher 
in men than in -women, and the aAmrage durations of the P Avave, P-Q 
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interval, and QES complex are a little longer in men than in women. 
As mentioned before, the opposite applies to the Q-T interval, which 
on an average is a little longer in women than in men. The difference 
is too small, however, to be statistically significant. To settle the ques- 
tion of a possible sex difference, which might perhaps be due solely to 
a difference in the size of the bodies, a considerably larger series of 
cases would be required. In the two age classes here considered (per- 
sons between 30 and 40 jmars, and between 40 and 50 years), the men- 
tioned components showed only insignificant differences. 

In the present series the onty definite sex difference was in the form 
of the P-Q and S-T segments. In Lead III the P-Q level was more 
often above the isoelectric line in women than in men, and in Leads 
I and II the S-T level was more often above the isoelectric line in men 
than in women. These features are of no significance in clinical elee- 
troeardiograph5^ 

The two age groups showed a statistically significant difference in 
the frequency of occurrence of a saddle-shaped S-T segment and left 
preponderance; both changes were more frequent in the older subjects. 
The same applies to the occurrence of the second R wave in , Lead III, 
whereas respiratory arrhythmia was more common in the younger sub- 
jects; but these two differences were not statistically important. 

CORRELATIONS 

The correlations between the components of the electrocardiogram 
were studied by means of graphic presentations, and, in doubtful cases, 
by calculation of the coefficient of correlation (r). Between the dura- 
tion of the R-R interval (pulse rate) and the other components in 
Lead II the correlations given in Table IX were found to exist. 

Table IX 


B-B interval and height of the P ivave 
E-E interval and duration of tlie P wave 
E-E interval and P-Q interval 
E-E interval and height of the E wave 
E-E interval and duration of QES 
E-E interval and height of the T wave 
E-E interval and Q-T interval 


No correlation (diagram) 

No correlation (diagi-am) 


r = -1-0.23 ±0.095 
r = —0.06 ± 0.10 
r = -t-0.31 ± 0.090 
r = -{-0.42 ± 0.082 
r = -tO.69 ± 0.052 


As was to be expected, this analysis shows that there is a definite 
positive correlation between the R-R interval and the Q-T interval, and, 
further, that there are statistically significant, although slight, posi- 
tive correlations between the R-R interval and the duration of QRS, 
and between the R-R interval and the height of the T wave. These 
observations mean that protracted QRS complexes and high T waves 
are more frequent in persons who at rest have a slow pulse rate than 
in persons who at rest have a more rapid pulse rate. Further, it will 
be noticed that r, on the whole, is increasing in the sequence given 
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above. This means that those components of the electrocardiogram that 
are caused by contraction of the mimcardium are more dependant upon 
the pulse rate, in contrast to, or in a higher degree than are, the com- 
ponents caused by propagation of the impulse. 

For other pairs of components in Lead II the correlations given in 
Table X were found. 

Table X 

Height of P and duration of P No correlation (diagram) 

Height of R and lieight of P No correlation (diagram) 

Heiglit of R and duration of QRS No correlation (diagram) 

Height of R and height of T r = +0.30 ± 0.094 

Height of T and duration of Q-T r = +0.24 ±0.094 


Thus, there was a veiy slight positive correlation between high R 
waves and high T waves, but no definite correlation, or no correlation 
at all, in the other eases. 

In discussing the slight sex differences that are evident in Table 
VIII, we suggested tliat they might possil^ly be due merely to a dif- 
ference between the size of the male and female body. Taking the 
surface area as a measure of body size, we found that the fifty women 
had an average surface of 1.70 sq.m., and the fifty men an average 
surface of 1.86 sq.m. We tlien studied the eoiTelation between body 
surface and the two components of the electrocardiogram that show 
the greatest sex difference (Table XI). 

Table XI 

Body surface and height of R, r = +0.03 ±0.10 

Body surface and duration of QRS, r = +0.31 ± 0.09 


The statistically significant, positive, but slight, correlation between 
the body surface and the duration of the QRS complex lends support 
to the assumption set forth, at an.y rate as far as this component is 
concerned. 

summary 

The present work is an analysis of the extremity derivations from 
100 nonnal pei’sons (fifty women and fifty men) whose ages ranged 
from 30 to 50 years. After a thorough account of the experimental 
subjects, the electrocardiographic apparatus, and the technique employed 
in measuring of the electrocardiograms, the results are reported. Essen- 
tially, these results are evident from the tabulations. 
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THE NORMAL ELECTROCARDIOGRAM 


II. Analysis op Precordlvl Derivations d and s frosi 100 Normal 
Persons Whose Ages Ranged Froji 30 to 50 Years 

Th. SkiIlason, i\I.D., REYKjAvni, and Kaj Larsen, ]\I.D., Copenhagen 

I N RECENT years, derivations from tlie preeordium have been em- 
ployed extensively in elinieal electrocardiography. Hence an analysis 
of these derivations in normal persons is highly desirable. Tliis is a 
big task, however, for many different precordial derivations have been 
in nse in various clinics. But we believe that it would not be rational 
to prefer certain derivations from theoretical considerations alone, and, 
inasmuch as there is not yet sufficient clinical experience to make a 
choice, it will be neeessai'y for the time being to work on a broad front. 

Most of the studies reported so far on preeordial derivations in normal 
persons deal with Lead IV, as used first by Wolferth and Wood.-® This 
is a ventrodorsal derivation, with the exploring electrode placed either 
at the left sternal margin (Wolferth and Wood,®® Katz and Kissin,^® 
Goldbloom,® Master,^’’ Holzmann®), or over the apex (Hoffman and 
Delong,® Lieberson and Liberson®®), and with the indifferent electrode 
placed on the back. Other investigators have used the now prevailing 
preeordial derivations in which the indifferent electrode is applied either 
to the left leg (Wood, BeUet, McMillan, and Wolferth,®® Shipley and 
Hallai’an,®® Robinson, Conti’atto, and Levine®®)? oi" to the right arm 
(Groedel,^ Roth,®® Wood and Selzer,®® Hoskin and Jonescu®) or, as sug- 
gested by Wilson, Johnston, IMacleod, and Barker,®® is paired with a cen- 
tral terminal connected through equal resistances of 5,000 or more ohms 
to electrodes on the right arm, left arm, and left leg (Kossmann and 
Johnston®®). Finally, some investigators have reported comparative 
studies with several of these leads (Shiplej'^ and Hallaran,®® Holzmann,® 
Sorsli}^ and Wood,®® GroedeP). In the following, details from these 
studies will be mentioned occasionally. 

In this paper an analysis will be made of two preeordial derivations, 
called d and s, from 100 normal persons whose ages ranged from 30 to 
50 years. In Lead d the exploring electrode is placed so that its center 
is at the apex of the angle between the left costal margin and the xiphoid 
process; in Lead s, the exploring electrode is placed so that its center 
is 4 cm. to the left of, and at the level of, the apex beat. In both deriva- 
tions the indifferent electrode is applied to the right arm. Our Lead d 
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is identical Avith the Lead d used by Groedel,^ Avhereas our Lead s differs 
from that of Groedel, for Groedel alwaj'^s takes his derivation from the 
left anterior axillary line at the level of the xiphoid process, regardless 
of the location of the apex beat. The reasons why we have chosen these 
derivations have been given in previous papers (Larsen, Larsen and 
Warburg^®) ; at the conclusion of the present paper we shall repeat and 
elaborate our arguments. Here it Avill suffice merely to point out how 
our Leads d and s are related to the precordial derivations recommended 
by the American Heart Association.^®’ 

If only one precordial derivation is Avanted, the American Heart 
Association recommends that it be taken from “the extreme outer border 
of the apex beat.” AVitli the indifferent electrode applied to the right 
arm, this lead, designated as Lead HHi, differs from Lead s in this respect, 
namelj’’, that the site of deriAmtion from the chest is located 3 to 4 cm. 
medial to that of Lead s. For taking several precordial electrocardio- 
grams, six different sites of derivation on the chest are recommended, 
using one of the aforementioned indifferent electrodes, as the examiner 
may wish. One of the derivations obtained in this Avay is called Lead 
CBj, and it differs from Lead d merely in this respect, namely, that its 
site of derivation on the chest is located 3 to 6 cm. more cephalad than 
that of Lead d; for CRo is a derivation from the left sternal margin in 
the fourth intercostal space, and the right arm. Another of the recom- 
mended derivations, CRj, is identical Avith Groedel ’s Lead s, but differs 
from our Lead s in this, that the site of deriAmtion does not vary with 
the location of the apex beat. 

EXPERIMENTAL SUBJECTS AND TECHNIQUE 

The present studies were carried out on 100 normal subjects Avliose ages ranged 
from 30 to 50 years; there vrere twenty-five women and twenty-five men aged from 
30 to 40, and twenty-five women and twenty-five men aged from 40 to 50. In a 
previous paper (Larsen and Skulasoni-r) we analyzed the extremity derivations from 
these subjects, and gave an account of the subjects and a detailed description of 
the electrocardiographic apparatus and the technique employed in measuring the 
records. 

Leads d and ^ were recorded simultaneously ; the left arm wire was connected to 
the d electrode, and the left leg wure to the s electrode; the right arm electrode 
served as the indifferent one. The sites of derivation were determined by palpa- 
tion, In cases in which the apex beat was not palpable, and when the location of 
the left border of the heart could not be ascertained by percussion, the s electrode 
was placed in the fifth intercostal space, with its center 4 cm. lateral to the 
midclavicular line. The electrodes were flat discs of rustproof steel, with a 
diameter of 3 cm. ; two holes were punched in the electrodes, through which an 
elastic band kept them fixed to the chest. Pieces of felt, of the same size as the 
electrodes, were moistened with warm salt solution and placed under the electrodes. 

As in the analysis of the extremity derivations, the present results are analyzed 
separately for each of the four groups of subjects, but an account is given first of 
the entire group, and then the records are examined with a view to sex and age 
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differences. For the sake of comparison with the limb leads, some of the results 
obtained with Lead II are included in the tabulation of the present observations. 

RESULTS 

The P Wave . — In ninet 5 ^-nine of the 100 subjects the P wave was posi- 
tive in Lead d and Lead s. In one subject the P wave was diphasic in 
both leads, measuring, respectivelj% +1-6, -0.8 mm. and +1.6, -0.6 mm. 
This was not the subject who showed a diphasic P wave in Lead II. 
Most often the P wave had the fox'm of a rounded arch ; pointed forms 
were infrequent. Minor notching Avas very common (Table I), Avhereas 
a bifid P Avav^e occui'red onlj’^ tAAUce in Lead d and once in Lead s. The 
average height of the P AA'ave Avas 1.5 mm. in both derivations. The 
smallest P Avave AA'as a little less than 1 mm. in height, and the largest 
AA^as hardl}^ 2.5 mm. in heiglit. In both derivations the average duration 
of the P Avave Avas 0.10 see. In eiglit subjects the duration of the P Avave 
in one or both preeordial leads AA'as 0.12 sec. or more, and in 2 subjects it 
was 0.13 see. or more. 

Table I 
The P AVaa’e 



1 LEiVD 

d 

s 

II 

Form (no. of subjects) 




Positive 

99 

99 

99 

Diphasic 

1 

1 

1 

Negative 

0 

0 

0 

Smooth 

7 

C 

10 

Notches 

93 

94 

90 

Bifid 

2 

1 

5 

Size (mm.) 




Minimum 

0.8 

0.8 

0.6 

Maximum 

2.3 

2.3 

2.1 

Av. 

1.5 

1.5 

1.3 

Duration- (sec.) 




Minimum 

0.078 

0.078 

0.083 

Maximum 

0.130 

0.133 

0.132 

Av. 

0.102 

0.104 

0.103 

0.10 sec. or more (no. of subjects) 

55 

66 

69 

0.12 sec. or more (no. of subjects) 

5 

5 

6 


As is evident from Table I, the I’esemblance betAveen the P Avave in 
Leads d and s and that in Lead II (and Lead I) is so great that the 
same criteria for normality of the P AA'ave may be applied to aU four 
leads. These criteria are as folloAA'S: The P AA^ave is positive, or, ex- 
ceptionally, diphasic, AAuth a small negative phase; its size varies from 
0.5 to 2.4 mm., and its duration from 0.07 to 0.135 sec. In order to be 
“high,” therefore, the P AAmve has to measure at least 2.5 mm.; and a 
“AA'ide” P Avave has to haA’^e a duration of at least 0.14 sec. 

THE P-Q SEGjMENT AND THE P-Q INTERA'AL 

The course of the P-Q segment Avas most often horizontal; less fre- 
quently it rose or fell (Table II). In eighty-one subjects the P-Q level 
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in Lead d was below the isoelectric line for a longer or shorter distance, 
with a maximal depression of 0.7 mm. In Lead s fifty-two subjects had 
a maximal P-Q segment depression of 0.8 mm. In one subject the P-Q 
segment was 0.1 mm. above the isoelectric line in Lead d/ in another sub- 
ject the same thing occurred in Lead s. In the rest of the records the 
P-Q segment kept at the level of the isoelectric line. 

Table II 


The P-Q Segment and the P-Q Interval 


• 

lead 

d 

S 

11 

Cov/rse of P-Q segment (no. of subjects) 




Horizontal 

78 

78 

93 

Rising 

17 

17 

3 

Palling 

5 

5 

4 

Isoelectric 

18 

47 

46 

Above isoelectric line 

1 

1 

0 

Below isoelectric line 

81 

52 

54 

Divration of P-Q interval (sec.) 




Minimum 

0.120 

0.119 

0.121 

Maximum 

0.218 

0.213 

0.214 

Av. 

0.163 

0.163 

0.164 

0.20 sec, or more (no. of subjects) 

4 

5 

6 

Less than 0.12 sec. (no. of subjects) 

0 

1 

0 


The duration of the P-Q interval was the same as in the extremity 
derivations (Table II), In five subjects the duration of the P-Q interval 
in Lead d and/or Lead 5 was 0.20 see. or more. Therefore, even when 
the limb leads are supplemented with one or more precordial leads, the 
conduction time may be designated as abnormally short only if the dura- 
tion of the P-Q interval in all derivations is less than 0.12 sec., whereas 
“prolonged conduction time” requires only that the duration of the 
P-Q interval be 0.22 see. or more in at least one of the leads employed. 

THE QRS COMPLEX 

Form . — In Lead d the QRS complex was most often diphasic, consist- 
ing of an R wave and an S wave. A monophasic complex did not occur 
at all, whereas a triphasic complex was recorded eleven times; a Q wave 
was present in eleven subjects. This Q wave, which will be mentioned 
later, was always small; it measured only 0.3 mm. in eight subjects, and 
in three it measured, respectively, 0.6, 0.9 and 1.2 mm. A ^ second R 
wave,” i.e., a positive wave after the S wave, was not found in any 
record. Table III gives additional information about the form of the 
QRS complex. It will be noticed that in exactly one-half of the subjects 
the R wave was greater than the S wave. In eighteen subjects the R 
wave was more than twice as large as the S wave, so that in these cases 
the R wave dominated the complex. Correspondingly, the S wave was 
the dominant wave in eleven subjects. This leaves seventy-one subjects 
whose B waves and S waves were about of equal size. 
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In Lead s tlie QKS complex was tripliasic in sLxty-nine subjects, con- 
sisting of a large B wave and smaller Q and S waves. A diphasic com- 
plex was found in twenty-nine subjects; it consisted of an E. wave and 
an S wave in twenty-six, and of a Q wave and an B wave in three. A 
monophasie complex consisting of the B wave alone was found in two 
subjects. In this numerical survey the presence of a “second B wave” 
is left out of consideration; such a wave was present in ten subjects, and 
was always very small (up to 2 mm., see Fig. lA). The relative size 
of the B wave and tlie S wave in the various subjects is evident from 
Table III. In all subjects but one the B wave was greater than the 
S wave, and in eighty-nine subjects the B wave was more than t%vice as 
great as the S wave, so tliat it was the dominating wave in the complex. 
In eleven subjects the B wave and the S wave were about of equal size, 
and in one of these the S wave was a little larger than the B wave. 


Table III 

Proportion of Size Between the E. Wave and the S Wave 


LEAD 1 

R>2 S 

1 2 S>K>S 

2r>s>k 

s>2r 

d 

IS 

32 

39 

11 

S 1 

89 

10 

1 

0 




j| B 

Pjy- 1- — Precordial derivations d and s from two normal subjects, aged from 30 
to oO years. In A there is a small "second B wave" In Lead s; in S there is a 
plateau formation of tlie T wave In Lead d. 


The occurrence of slurring and notching is recorded after the same 
principles as were employed bj^ us“ previously in dealing with the ex- 
tremity derivations. The result is given in Table IV. Slurring and 
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notching were more frequent in Lead d than in Lead s, especially of the 
R wave, hut also of the S wave. Taking apical and basal deformities 
together, these phenomena were present in seventy-five subjects in the 
R wave in Lead d, and in only twenty-seven subjects in the R wave in 
Lead s; for the S wave the corresponding figures were 52 and 38. 
Simultaneous apical deformity of the R wave in both leads was found in 
thirteen subjects; in only seventeen subjects was the R wave smooth in 
both leads, and there was deformity of the S wave in eight of these 
seventeen subjects. There was no deformity of the little Q wave; al- 
though the descending limb of this wave was often thickened, it was 
always smooth. The notches were always small; as in the extremity 
derivations, the shortest limb of the notching never measured more than 
1 mm. In view of the very great frequency of the nodules and notches 
in a series like this, we have to conclude that these deformities are of no 
practical significance, either in the extremity derivations or in the pre- 
cordial, no matter whether they are present only in one lead or simul-’ 
taneously in more, or occasionally in all the leads, and regardless of 
whether they are apical or basal. 


Table IY 

OCCURREN-CE OF NODULES AND NOTCHING ON THE B, Q, AND S WAVES 


WAVE 

DEFORMITIES 


LEAD 


d and s 

d 

s 

NONE 

E. 

Apical 

13 

59 

4 

24 

E i 

Apical + basal 

19 

56 

8 

17 

Q 1 

Apical + basal 

0 

0 

0 


s j 

Apical + basal 

29 

23 

9 

39 


Size and Duration . — In Lead d the average size of the R wave was 
the same as that of the S wave, namely, 7.7 mm. (Table V). The smallest 
R wave measured 2.1 mm. in height, the highest R wave, 19.7 mm.; the 
S wave varied between 0.6 and 19.4 mm. The frequency and size of 
the Q wave in Lead d has been mentioned already. In Lead s the aver- 
age size of the R wave was 23.9 mm.; the smallest R wave was 10.8 mm. 
in height, the highest, 45.7 mm. The S wave was present in ninety-five 
subjects; it varied between 0 and 22.6 mm., with an average of 5.5 mm. 
The Q wave was present in seventy-two subjects; it varied between 
0 and 6.1 mm., with an average size of 1.2 mm. In order to get a more 
definite and reliable idea about the normal variations, we have calculated 
the dispersions (s) for some of the waves, as shown in Table VI, in 
which m is the average. 

It is evident from the figures in Table VI that the calculated minimum 
limits can be of no real significance — something that is often encountered 
in biologic studies. In setting the limits for the normal variations (see 
the last column), therefore, we employed the experimental results for 
the minimum limits, and took the calculated values for the maximum 
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limits. In our series the limits established in this way were exceeded 
in only three subjects: in Case S3 (man, aged 37), the R' wave in 
Lead d measured 19.7 mm.; in Case 45 (man, aged 40), measured 
45.7 mm.; and in Case 44 (man, aged 30), measured 22.6 mm. The 
significance of small R waves will be mentioned later. The significance 
of large R and S waves is still unsettled. 

Table V 


The QRS Complex 



LEAD 

d 

s 

11 

H wave (size in ram.) 




Minimum 

2.1 

10.8 

4.1 

Maximum 

19.7 

45.7 

23.4 

Av. 

7.7 

23.9 

10.2 

Q wave (size in mm.) 




Maximum 

1.2 

6.1 

4.4 

Av.* 

0.4 

1.2 

0.9 

Present (no. of subjects) 

11 

72 

70 

S wave (size in mm.) 




Minimum 

o.c 

0.0 

0.0 

Maximum 

19.4 

22.6 

5.8 

Av.* 

7.7 

5.5 

1.9 

Present (no. of subjects) 

100 

95 

79 

Buration of QRS complex (sec.) 




Minimum 

0.070 

0.073 

0.007 

Maximum 

0.120 

0.116 

0.118 

Av. 

0.091 

0.089 

0.087 

0.08 sec. or more (no, of subjects) 

83 

78 

69 

0.10 sec. or more (no. of subjects) 

20 1 

11 

12 


♦These averages are calculated per number of waves present. 


Table VI 


M 

(MM.) 

s 

(mm.) 

calculated I 

MEASURED | 

NORMAL 

A^ARIATIONS 

(MM.) 

MINIMUM 

m-3s 

(mm.) 

MAXIMUM 

m+3s 

(MM.) 

MINIJIUM 

(MiM.) 

MAXIMUM 

(MM.) 

Ey. 

7.7 


-1.0 

m^iQQi 


19.7 

2-17 

s. 

-7.7 

HI 

+4.5 



-19.4 

-0.5 20 

E. 

23.9 


4.6 



45.7 1 

10 - 45 

s. 

-5.5 

HI 

+5.7 


1 0.0 I 

-22.6 

0 - -17 


Several investigators (Holzmann® and Wood and Selzer'*^) state that 
in leads fi’om the apex region the R Avave is high in patients Avith left 
preponderance in the extremity leads, and, converselj:", in patients AAuth 
right preponderance the R AvaAm is particAtlarlj- high in the sternal deri- 
A’ations. GroedeL has taken particular interest in the proportion betAveen 
the “intrinsic deflection” in Lead d and the corresponding deflection in 
Lead s, and, among other things, reasoning from the studies reported 
by Koch and Galli,” he believes that this proportion gives reliable in- 
formation about the Aveight proportion betAveen the right A’-entricle and 
the left. The size of the “intrinsic deflection” maj* be measured by the 
sum of the R and T waves. In normal persons Groedel finds that the 
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coefficient (R + S),j : (E. + S)s varies between 1.0 and 1.5; in patients 
with right preponderance the coefficient is greater than 1.5, and, in 
patients with left preponderance, smaller than 1.0. In view of these 
statements we have examined both the proportion (R + S),z : (R + S)s 
and the proportion R^ : R^. 

The value for the “intrinsic deflection” in Lead d varied between 6.7 
and 31.1 mm. (averaging 15.7 mm.), and, in Lead s>, between 15.6 and 
62.1 mm. (averaging 29.4 mm.). The proportion (R + S)s : (R + S)^ 
varied between 1.08 and 3.73, averaging 2.04. Thus the “intrinsic de- 
flection” was always greater in Lead s than in Lead d, but in no instance 
was it four times as large in Lead s' as in Lead d. In five subjects with 
left preponderance in the extremity leads the average value for the 
above proportion was 1.78, and in eighteen subjects with a tendency to- 
ward left preponderance it was 2.07, but in these subjects there was 
no evidence to the effect that the preponderance of the left side was due 
to hjTDertropliy of the left ventricle. The minimum values for the sum 
of the R and S waves in the two derivations (6.7 mm. in Lead d and 
15.6 mm. in Lead s) may be taken for guidance in deciding whether or 
not there is any “low voltage” in the precordial leads. 

The proportion R« : R<j varied between 1.62 and 14.50, averaging 3.61. 
In only three subjects was the coefficient greater than 6.50, i.e., respec- 
tively, 8.40, 13.0, and 14.50, and in one of these there was a tendency 
toward left preponderance in the extremity derivations. In the five 
subjects with left preponderance in the extremity derivations the aver- 
age of the above-mentioned proportion was 3.26, and in the eighteen sub- 
jects with a left preponderance tendency it was 3.77. 

The average duration of the QRS complex was 0.091 sec. in Lead d, 
and 0.089 sec. in Lead s, i.e., a little bit longer in the precordial leads 
than in the limb leads. Including the derivations iu which the QRS 
complex was of the longest duration, it is found that this was the case 
in five subjects iu Lead I, in thirteen subjects in Lead II, in twenty- 
seven in Lead III, in forty-five in Lead d, and in thirty-six in Lead s 
(the number of subjects counted in this way exceeds 100 because the 
QRS complex in some eases was equally long in two or three leads and 
longer than in the other derivations). In several eases the duration 
of the QRS complex was 0.10 sec. or more. Considering all five deriva- 
tions together, it was found that the duration in twenty-three subjects 
was between 0.10 and 0.12 see. in at least one derivation. We take such 
a duration of the QRS complex as normal for the age groups here con- 
sidered, except in cases in which a previous electrocardiogram had shovm 
a shorter duration. 

Other Aspects of the QBS CompUx.^AU investigators agree in look- 
ing upon complete absence of the B wave in the precordial leads as 
pathologic. This phenomenon was observed first by Wilson, Macleod, 
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Barker, Johnston, and Edostermeyer-® in cases of anterior cardiac in- 
farction, but later it was encountered wdtli manj’^ other lesions, especially 
tliose wliich produce bundle bi’anch block or marked preponderance of 
the left side (e.g., Holzmann,® Master, Back, Kalter, and Jaffe^®). In 
other patients with the same lesions the records have shown an ab- 
nornially small R rvave, and the limit for such a wave is set by most 
investigators at 2 mm. None of these changes occurred in our series. 
According to our observations, the R. wave may be designated as ab- 
normally small if it is less than 2 mm. in Lead d, and less than 10 mm. 
in Lead s. 

Holzmaim® looks upon complete absence of the B wave in the pre- 
cordial leads as a result of abnormal increase in the S wave at the ex- 
pense of the R wave, and he states that the proportion Il:S in the deriva- 
tion emploj’'ed by liim — from the left sternal margin to the back — in 
normal subjects is never as small as 1:10. In Lead d the pro- 
portion R:S varied between 10.3 and 0.21, and this means that the 
S wave in Lead d in our 100 subjects was never five or more times 
greater than the R wave. In Lead s, as mentioned iDefore, only one sub- 
ject had an S wave which was greater than the R wave. 

“M” and ''IF’’ complexes, which have been observed by Wood and 
Wolferth,®^ Mortensen,^® and others, in cardiac infarction, and which 
are present also in eases of bundle branch block, did not occur in any 
of our subjects. 

The presence of a ^ wave in the precordial sternal derivation is em- 
phasized b.y Mortensen^'”’ as the most frequent and most characteristic 
change in the QRS complex in cases of anterior cardiac infarction. In 
normal persons Mortensen lias never seen a Q wave in the sternal der- 
ivation employed by him, namely, CP, (from the left sternal margin 
in the fourth intercostal space to the left leg) . In Lead d we found a 
Q Avave in eleven of our 100 normal subjects; the largest Q wave Avas 
1.2 mm. Therefore, Ave have to conclude that in Lead d the Q AA'aAm must 
measure at least 2 mm. in order to be designated as abnormal. It may 
be added that Holzmann® states that a T Avave in the derivation from 
the left sternal margin, at the attachment of the fifth rib, to the left leg, 
is not pathologic. 

THE S-T SEGMENT 

In a great majority of the reeoi’ds the S-T segment Avas slanting up- 
AA'ard (Table VII), and veiy frequently its transition into the ascending 
branch of the T Avave Avas very gradual, so that it AA'as impossible to 
locate the end of the S-T segment and the beginning of the T AAmAm. In 
other eases the rise of the euiwe aa’os accentuated, and the accentuation 
presumably corresponded to tlie beginning of the T Avave. A saddle- 
shaped S-T segment occurred ten times in Lead s — in seA^en of these 
records together aaRIi a "second R AAmAm,” and three times in connection 
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with absence of the S wave. In Lead d the S-T segment was saddle- 
shaped in only one subject, in whose record there was a small, notched 
S wave. 

Table VII 


The S-T Segment 




LEAD 



d 

5 

II 

Course i 

Horizontal (no. of subjects) 

1 

1 

12 

Rising (no. of subjects) 

98 

89 

75 

Palling (no. of subjects) 

0 1 

0 

0 

Saddle-shaped (no. of subjects) 

1 

10 

13 

Isoelectric (no. of subjects) 

5 

18 

36 

Above isoelectric line (no. of subjects) 

87 

65 

44 

Maximal elevation (mm.) 

2.S 

2.4 

0.9 

Below isoelectric line (no. of subjects) 

8 

17 

20 

Maximal depression (mm.) 

0.2 

0.8 

0.5 


In measurements taken 0.05 see. after the end of the QES complex, 
the level of the S-T segment was above the isoelectric line in eighty-seven 
subjects in Lead d, and in sixty-five subjects in Lead s/ the maximal ele- 
vation was 2.8 mm. in Lead d, and 2.4 mm. in Lead s. The S-T segment 
was found below the isoelectric line, but sloping upward, eight times in 
Lead d and seventeen times in Lead s; the maximal depression occurred 
in Lead s, and amounted to 0.8 mm. Therefore, when the level of the 
S-T segment is 1 mm. or more below the isoelectric line, it may be desig- 
nated as abnormal, and, likewise, if the level of the S-T segment is 3 mm. 
or more above the isoelectric line. But, as in the extremity derivations, 
it is doubtful whether an abnormally high level of the S-T segment is of 
any pathologic significance in cases in which the form of the S-T segment 
is normal. 

If in the precordial leads we establish the isoelectric line as a hori- 
zontal line through the P-Q segment, we have to require that the S-T 
level fall 1 mm. or more below this line in oi’der to be able to char- 
acterize the course of the S-T segment as abnormally negative. Since 
the P-Q segment in Leads d and s often falls below the isoelectric line 
proper, we will thus be unable to make the diagnosis of “abnormally 
negative S-T segment” in several of those cases in which the S-T level 
is from 1 to 1.8 mm. below the true isoelectric line, and in which the 
P-Q level at the same time is negative (cf. the preceding paper on the 
extremity dei’ivations^^) . 

^ THE T WAVE 

In both Lead d and Lead s, the T wave was positive in all of the 100 
subjects, and took the form of a gradual, smooth curve; the higher this 
wave, the more pointed was its form. An exception to this rule occurred 
in two cases in Lead d, in which the highest part of the curve formed 
a plateau (the precordial derivation from one of these subjects is sho^vn 
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in Fig. IB). (In a few normal persons, avIio are not included in this 
series, we have seen a little depression in the middle of the plateau here 
described, so that the T wave in these cases had a two-liumped appear- 
ance.) 

Table VIII 


The T Wave 



i LEAD 

d 

! 5 

n 

Form. 




Positive (no. of subjects) 

100 

100 

100 

Size (mm.) 


i 


^Minimum 

0.9 

1.3 

1.1 

Ma.ximum 

10.6 

19.2 

5.S 

Av. 

4.5 

7.1 

3.0 

10 mm. or more (no. of subjects) 

1 

1 


Less than 1 mm. (no. of subjects) 

2 

1 0 

1 


In Lead d the average size of the T wave ivas 4.5 mm.; in Lead s it 
was 7.1 mm. In tivo subjects the T Avave in Lead d measured only 0.9 
mm. The smallest T wave in Lead s w'as 1.3 mm. Hence a T -wave 
smaller than 1 mm. ivill always be suspect; and diphasic and negative 
T ivaves (in these age classes) are always abnormal. The dispersion 
for the T wave in Lead d was 2.3 mm.; in Lead s it v'as 3.0 mm. There- 
fore, the limit for the normal height of the T wave in Lead d may be 
set at 12 mm., and in Lead s at 17 mm. In our series these limits -were 
exceeded only once, namely, in Case 25 (man, aged 41) in which the T 
ivave in Lead s measui’ed 19.2 mm. in height; the next in height, in 
Lead s, measured 13.4 and 13.0 mm. Most other investigators (e.g., 
Katz and Kissin,^” Wood and Wolfei’th,^^ and Holzmann®) set the limit 
for the normal height of the T wave at 9 or 10 mm. In fourteen of our 
subjects the T wave in Lead s measured more than 10 mm., and in one 
of these the T wave was higher than 10 mm. in Lead d, also. 

THE Q-T INTERVAL 

For the normal duration of the Q-T interval in Lead II, Larsen and 
Skulason^^ have derived the following formula : Q-T = % E-R + 0.28 
±0.05 sec., in which Q-T and R-R stand for the average duration of the 
Q-T and R-R intervals in seconds. Analysis shows that this formula is 
applicable also to Lead d and Lead s. 


SEX AND AGE DIFFERENCES 

The investigation of this question w^as carried out for these derivations 
in the same manner as for the limb leads.^^ As is evident from Table 
IX, the average height of the QRS complex and of the T wave was found 
to be greater in the men than in the women; likeinse, the average dura- 
tion of the P wave, P-Q interval, and QRS complex was greater in the 
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men than in the women. Some of the waves showed a statistically sig- 
nificant age difference (indicated by italic figures in Table IX). A 
statistically significant difference Avas found also in the S-T level in 
Lead s; this segment was above the isoelectric line more often in men 
than in women. There Avas no particular difference betAveen the tivo 
age classes. 

Table IX 


Sex and Age Differences 



MEN 

AVOMEN 

30-40 

YEARS 

40-50 

YEARS 

Av. height of waves (mm.) i 

1 




B Avave in Lead d 

8.4 

6.9 

7.6 

7.7 

S Avave in Lead d 

9.0 

6.9 

8.2 

7.6 

‘ ‘ The intrinsic deflection ’ ’ in Lead d 

17.5 

13.7 

15.7 

15.3 

T Avave in Lead d 

6.0 

3.0 

4.4 

4.5 

E Avave in Lead s 

S6.7 

22.1 

23.2 

24.7 

S Avave in Lead s 

6.6 

4.5 

6.4 

4.7 

“The intrinsic deflection” in Lead s 

33.3 

26.6 

29.5 

29.4 

T Avave in Lead s 

8.4 

5.8 

7.2 

7.0 

Av. duration (sec.) (Lead d) 





P Avave 

0.105 

0.101 

0.100 

0.105 

P-Q interval 

0.169 

0.158 

0.162 

0.164 

QRS complex 

0.094 

0.086 

0.091 

0.090 

Other components (no. of subjects) 





S-T positive in Lead 5 

42 

23 

37 

28 

“Second B Avave” in Lead x 

6 

4 

5 

5 

Saddle-shaped S-T in Lead s 

5 

5 

3 

7 


CORRELATIONS 

The correlation betAveen the components of the preeordial derivations 
Avas studied by means of graphic methods, and, in doubtful cases, by 
calculation of the correlation coefficient (?'), 

Table X 


R-R interval and (B + S)d r = + 0.04 ± 0.100 

B-R interval and (B + S), r = + 0.15 ± 0.098 

B-B interval and T^ r ■= + 0.59 ± 0.064 

B-B interval and T, = + O-^O ± 0.075 


The correlations giren in , Table X Avere f oimd betAA^een the duration 
of the E-R interval and the size of the “intrinsic deflection” (E + S), 
and between R-R and the T AvaAm in Leads d and s. 

- It Avill be noticed that a high T AvaA’^e Avas more frequent in persons AAffio 
at rest have a sIoav pulse rate than in those avIio at rest have a faster 
pulse rate. On the other hand, there Avas no correlation betAveen the size 
of the intrinsic deflection and the duration of the R-R interval. Tins 
confirms our observations on the extremity derivations, namely, that 
those components of the electrocardiogram Avhicli are caused by the 
contraction of the myocardium are dependent upon the pulse rate to a 
greater extent than those caused by propagation of the impulse. 
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Between the size of the components of the QRS complex and the height 
of the T wave, correlations were found as shown in Table XI. 

Table XI 


Ey, and Tj 
(E + S)tf and 
E, and T, 

(E + S), and T, 

(E + S)rf and (E + S) 
Trf and T. 


r z= + 0.15 ± 0.098 
r = + 0.40 ± 0.084 
r = + 0.3G ± 0.087 
»• = + 0.46 ± 0.079 
r = + 0.60 ± 0.064 
r = + 0.70 ± 0.051 


Thus, in Leads d and s there was a positive correlation between large 
intrinsic deflections and large T waves. On the other hand, in contrast 
to Lead s, Lead d showed no correlation between large II waves and 
large T waves because the S wave in Lead d, in contrast to Lead s, makes 
up an essential part of the intrinsic deflection. These studies show that 
a large QRS complex in the various derivations is associated more often 
witli a large T wave in the same derivations than with a low T wave. 
The two last coefficients show further that the occurrence of a large QRS 
complex and a high T wave in one precordial derivation most often 
will be associated with large waves in the other precordial derivation. 
That large waves in the precordial derivations most often are associated 
with large waves in the extremity derivations (at any rate in one of 
these leads) is evident from the analyses in Table XII. 

Table XU 

Greatest (E + S) in Leads I, II, or III and (E + S), f = + 0.34 ± 0.088 

Highest T wave in Leads I, n, or III and T, r = + 0.073 ± 0.047 


We have further sought to find out wdiether there was any correlation 
between the size of the waves and the size of the experimental subject, 
as measured by the bodj'- surface, but there was no such correlation 
(Table XIII). Nor was there any correlation between the size of the 
waves and excessive weight or less than average wmight of the experi- 
mental subjects, i.e., their weight in percentage of the normal weight. 

Table XIII 

' Body surface and (E + S)* r = + 0.16 ± 0.097 ~ 

Body surface and T, No correlation ( diagram ) 


DISCUSSION 

Shortly before the appearance of the proposal made by the American 
Heart Association^^^’ about standardization of precordial leads, Larsen 
and Warburg^® liad presented the following principle, which thej^ con- 
sidered the most rational for the connection of the leads in taking a 
precordial electrocardiogram: The connection of the leads, the polarity 
of the galvanometer, and the direction of travel of the photographic 
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recording medium should agree mutually in such a wa^j that, when a 
negative potential is impressed on the exploring electrode, it would he 
recorded as a downward deflection; the curve would be read from the 
start (at left) towards the right. This principle is founded partly on 
the fact that it is in keeping with the general principles for graphic 
recording, and partly on the fact that the nomenclature proposed by 
Einthoven for derivations from the extremities is, in this way, readily 
applicable to the preeordial leads, also. Both the preeordial leads recom- 
mended by the American Heart Association and the Leads d and s which 
were employed in the present studies are in harmony with the above 
principle. The most important practical result of this is that persons 
who have positive P and T waves in Leads I and II usually will have 
positive P and T waves in the preeordial leads, so that one avoids the 
“mirror-reflected” electrocardiograms which were obtained with the 
“older” connection of the leads (cf., for instance. Wolferth and 
Wood=*®). 

The American Heart Association did not wash to make any final de- 
cision as to the location of the indifferent electrode. Most examiners 
now apply the electrode to either the left leg or the right arm. As is 
evident from the studies reported by Shipley and Hallaran,®® Sorsky and 
Wood,^^ and Edwards and Vender Veer,^ pairing the preeordial elec- 
trode with one on the left leg in normal, adult subjects gives either 
positive, diphasic, or negative P waves, and, also, but only in the sternal 
(Z-like derivations, either positive, diphasic, or negative T waves. The 
signiflcance of the T wave in such derivations is therefore reduced 
greatly, i.e., it is limited chiefly to those changes that appear during the 
observation of the patient. In contrast thereto, a diphasic or negative 
T wave (and P wave) in a derivation from the precordium to the right 
arm is always abnormal (in adults). In our opinion, this difference 
shows conclusivelj’- that it is preferable to place the indifferent electrode 
on the right arm, rather than on the left leg. 

As to the location of the exploring electrode, it is to be mentioned 
that an increasing number of examiners prefer and recommend the em- 
ployment of at least two preeordial leads, namely, one from the left 
side of the heart and one from the right side (Groedel,^ Roth,^^ Holz- 
mann,® Freundlich and Lepeschkin,- Mortensen,~°‘^ Robinson, Contratto, 
and Levine,^’^ and Wood and Selzer®^). We have selected Lead d and 
Lead s because Groedel’s investigations suggest that Lead d, particu- 
larly, will give information about the condition of the right ventricle, 
and Lead s, particularly, about the condition of the left ventricle. 
Groedel and KoelP have shown that a potential maximum for the in- 
trinsic deflection corresponding to the right ventricle is found at the 
xiphoid process, and that the coi'responding potential maximum for 
the left ventricle is located a few centimeters lateral to the apex of the 
heart. Therefore, the sites of derivation from the precordium should 
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vary according to the position of the heart. This applies in particular 
to Lead s; it may be justifiable to let the site of derivation for Lead d 
be determined by the external topographic landmarks, for the location 
of the right ventricle is far less variable than that of the left ventricle 
under pathologic conditions. Whether there is any reason to prefer 
Leads d and s to the leads recommended by the American Heart Associa- 
tion — Leads CRj and IVR (see the introduction) — is a question we can- 
not yet decide; at present, members of our department are collecting 
material to elucidate this question. Still, it may be mentioned now that 
Lead s offers one advantage over Lead IVR, for Larsen^^ and Roth^^ 
have shown that derivations in which the exploring electrode is located 
a little outside the apex of the heart are easier to reproduce than deriva- 
tions in which the exploring electrode is placed just over the apex of the 
heart. 

SUMMARY 

The present work is an analysis of precordial derivations d and s 
from 100 normal subjects (fifty women and fifty men), whose ages 
ranged from 30 to 50 years. In Lead d the exploring electrode is placed 
so that its center is located at the apex of the angle between the left 
costal margin and the xiphoid process. In Lead s the exploring electrode 
is placed so that its center is located 4 cm. to the left of the apex of the 
heart, and at the level of the apex. In both of these leads the electrode 
on the right arm serves as the indifferent one. “Modern” connection 
of the leads is employed. The more important results are evident from 
the tables. 
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THE SIGNIFICANCE OP THE TENSILITY OP THE AOETA AS 
AN INDEX OP THE AGING PROCESS IN THE 
ANIMAL BODY 

Jean Hume Nelbach, B.A., and L. P. Herrington, A.M., Ph.D. 

New Haven, Conn. 

I N AN earlier communication, one of tlie authors (Hume^) reported a 
new procedure for measuring the tensility of the aorta of the rat. 
Evidence was presented indicating the value of this test as a measure of 
the normal aging process in the animal organism and of various environ- 
mental factors influencing that process. 

In these experiments the Hume tensometer apparatus, which applies 
a gradually increasing stress to a 1 cm. ring of the aorta, was used to 
record ‘the association between force applied and amount of stretch. 
From these observations Young’s modulus of elasticity could be com- 
puted for each degi’ee of stress, and a curve constructed relating the 
change in the value of the modulus to change in stress. Since the ex- 
periments proceeded from zero tension to the breaking point mth each 
aorta ring, no measurement of elasticity (in the sense of an ability to 
regain an original length after stretching) was involved. The results 
were expressed in terms of the modulus, principally because rates of 
change in stretch and stress gave a clearer picture of tensile behavior 
than absolute values. 

In general, all aortas gave a characteristic curve when the moduli for 
successive points were plotted against the successive stresses at these 
points, as observed during progressive stress. The tensile resistance at 
first decreased to a minimum point (loads from zero to 54 Gm.). This 
decrease is probably related to the normal elasticity of the wall. Further 
increase in stress led to a progressive increase in tensile resistance in a 
practically linear manner, until the point of rupture. Although there 
were interesting differences in the initial limb of the curve and in the 
points of inflection in different experimental groups, the groups were 
most strikingly distinguished by the slope of the long ascending limb, 
and, in some instances, by the ultimate tensile strength (weight sup- 
ported at point of rupture). 

The earlier data for individual groups indicated that both increasing 
age and higher environmental temperatures decreased the ability of the 
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aorta to resist distention stresses. Both alcohol and lead intoxication 
increased tensile resistance slightly above the values obtained for the 

control group, a result ivhieh, in the alcohol group, was associated with 
retarded growth. 

The authors are well aAvare that the above conclusions were based upon 
a technique which does not duplicate the stress conditions of normal 
function, either in regard to the mode in which force is applied or the 
absolute values for the force. In this sense the method is distinct from 
that employed in investigations in which hj^drostatic pressure has been 
applied to distend arterial sections,^ or in which the factor of elasticity 
has been studied with forces largely within the range of physiologic 
values.^ A physically determined index of tensility yields, however, a 
very precise picture, and the results discussed above strongly suggest 
that the structural factor which was measured is responsive to several 
important environmental variables. For this reason the present experi- 
ments Avere planned to cheek the above conclusions on age and tempera- 
ture, and have been extended to turn new variables, namely, (1) the 
effect of a continuing environmental disturbance of the nervous system 
and (2) the ingestion of thj^roid extract. 

APPARATUS AND TECHOTQUE 

No change was made in the tensonieter, wliich was fully described in a previous 
publication.! Groups of forty animals were exp)osed to temperatures of 65° F., 83° 
F., and 95° P. in group cages provided with temperature regulation. When tem- 
perature was not an experimental variable, the cage temperature was held at 83° F. 
The animals were male albino rats from a common source, and their experimental 
exposures were begun when they were 60 days old. Fifty per cent of each group 
were sacrificed at the age of 120 days and 210 days, respectively. Since the groups 
were started serially at approximately weekty intervals, it was possible to equate 
the mean initial weights within narrow limits. Animals were weighed at weekly 
intervals, and mean growth curves were computed. In all cases a standard ration 
was fed, except in the case of the "thyroid” group, in which this ration was sup- 
plemented with 0.6 Gm. of desiccated thyroid (Lilly, U.S.P. Thyroid) per 1,000 Gm. 
of basic ration. One gram of this desiccated thyroid preparation is equivalent to 
5 Gm. of fresh thyroid. The proportion of thyroid to food was 0.06 per cent by 
weight. 

In order to obtain a disturbing feature in the temperature-controlled cage of the 
‘ ‘ disturbed ’ ’ group, a telechron-controlled switching box was constructed which 
produced at set intervals a series of exciting stimuli. These were three in number, 
and included a ringing bell, vibration and noise, and a sudden blast of air. During 
each hour a sixteen-minute period of disturbance was produced. This consisted at 
first of a bell ringing (ten minutes), vibration and noise (five minutes), and a 
blast of air at high velocity (one minute). The order and length of time of these 
stimuli were varied from time to time in order to prevent conditioning to any one 
combination of disturbances. The beU was an ordinary door bell; the blower was of 
the centrifugal type, and delivered about 150 cubic feet per minute. Vibration and 
noise were produced by mounting an % horsepower electric motor, provided with an 
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eccentric shaft, on a galvanized sheet at one end of the inner cage. Eotation of this 
shaft at the rate of about 120 revolutions a minute produced a thumping noise and a 
violent “sliimmy” in the cage. 

PLAN OF EXPERMENTS 
1939 

Five groups of male albino rats, aged 60 days at the beginning of the experi- 
ments, were used. Each group consisted of forty-five animals; twenty were sacrificed 
at 120 days and twenty at 210 days, allowing a margin of five to take care of any 
mortalities suffered by the group. The five groups were scheduled as shown in 
Table I. 

Table I 


EXPERIMENT NO. 

13 AND 18 

12 AND 17 

10 AND 15 

11 AND 16 

9 AND 14 

Treatment 

Temperature (°F,) 
Entered cages 
Sacrificed, first 20 
Sacrificed, second 

20 

Disturbed 

83 

4/14 

6/13-14 

9/11-12 

Thyroid* 

83 

4/21 

6/20-21 

9/18-19 


High tem- 
perature 

95 

5/5 

7/4-5 

10/2-3 

Low tem- 
perature 

65 

5/12 

7/11-12 

10/9-10 


*0.06 per cent, desiccated, in diet. 


Several days of physiologic conditioning were allowed for the 65° F. and 95° F. 
groups, while the temperatures were gradually lowered or raised. A chart for daily 
temperature readings was attached to each cage, with space for a recording of the 
total weight of the animals in each cage at weekly intervals. Particular care was 
taken to see that the thyroid and 95° groups had sufScient water at all times. All 
groups received the standard Bal-O-Eation diet ad lib. 

1940 

Three groups of male albino rats, aged 60 days at the beginning of the experi- 
ments, were used. Each experiment ran for sixty days, so that at the time of sacri- 
fice these animals were 120 days old. The schedule of experiments is given in 
Table II. 

Table II 


EXPERIMENT NO. 

21 

20 

19 

Treatment 

Disturbed 

Normal controls 

Low temperature 

Temperature (° F.) 

83 

83 

65 

Entered cages 

3/11 

3/13 

3/15 ' 

Sacrificed 

5/13-14 

5/15-16 

5/17-18 


At the time of sacrifice an aorta ring from each rat was preserved for section and 
histologic examination, in addition to the section used for stretching. The following 
structures were also removed and fixed for later study: (I) heart, (2) liver, (3) 
testes (weighed together), (4) pituitary, (5) adrenals (weighed together), and 
(6) prostate and seminal vesicles (weighed together). The results of the examination 
of these tissues will be reported in a later paper. 

RESULTS 

Perhaps the most general evaluation of the tensility factor can be ob- 
tained from a comparison of curves for various treatments and ages in 
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relation to the mean curve for all experiments over the three years of 
work. Fig. 1 is a master graph Avhieh contrasts the following curves : 
A^, the mean curve for all groups, regardless of age or treatment (1939- 
1940) ; A^, the same as A^, but including also 1937 and 1938; B, for all 
groups exposed to Ioav temperature, regardless of age ; C, for all groups 
at moderate temperatures, regardless of age; D, for all groups at high 
temperature, regardless of age; E, for all groups at 120 days of age, re- 
gardless of treatment ; and P, for all groups at 210 days of age, regard- 
less of treatment. Although a statistical assessment must be made of the 
reliability of these apparent differences, some orderly relation must ap- 
pear in such a graph if age and treatment have had a positive effect. 
The ordinate value “ E ” represents a modulus of elasticity, and is com- 
puted from the folloAving formula : 


in AAdiich 


E 


£ ii 

a dl 


P = force aiiplied, 
a = area cross section, 
L = original length, 
dl — change in length. 


In earlier experiments,^ groups exposed to a low - environmental 
temperature gave a tensility curve Avhich Avas strikingly different from 
that of other groups, and AA^as in the direction of the high tensile re- 
sistance Avliich AAms found to be typical of young animals. In Pig. 1, 
curve B, AAdiich includes three other groups raised at 65° P., Ave observe 
this effect again, indicating a higher tensile resistance for the 65° group 
than for any other. 

BeloAv curve A^, the grand average of all experiments, aa^ find the 
mean curves for all other groups. In point of placement on the graph, 
Ave find that the addition of three groups to tlie original moderate- 
temperature experiments, and of tAvo groups to the high-temperature ex- 
periments, results in a descending order for curves B, C, D (Ioav, mod- 
erate, and high temperature), in Avhich tensile resistance decreases as the 
temperature increases. These graphic separations have been statistically 
assessed by tAvo methods; both methods AA^ere applied to the ascending 
limli of the curves. The first analysis consisted of testing the variance 
Avithin each experiment due to indiAudual regressions against the vari- 
ance betAveen experiments from average regression. Snedecor’s P test, 
based on Fisher’s Z test, Avas used as the criterion for significance of 
variance betAveen trends of curves. The second analysis consisted of 
testing the significance of difference betAveen mean B ’s by the same test. 

In Pig. 1 a gross age comparison is also presented. Curves E and F 
are, respectively, the mean curves for all animals 120 and 210 days old. 
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regardless of temperature exposure or other treatment. Although the 
separation is less striking we find again that the addition of eight groups 
120 days^" old and five groups 210 days old to the earlier data has sus- 
tained the original conclusion that increasing age is associated with 
decreasing tensile resistance in aortic rings. The comparison between 
120-day and 210-daj^ groups of any one year reveals separate and distinct 
curves, with a slight overlapping of the most easily stretched young 
aortas and the least easily stretched older aortas. Statistical tests of 
differences between the means of the 120-day and 210-day groups proved 
significant or liighlj'" significant except for the “disturbed” groups. 
Likewise, the differences between the regressions of these same groups 
showed significant differences except for the “thyroid” and “disturbed” 
groups. The 95° F. groups were on the border line. 



Fig. 1 . — Grapli of average curves B, for all observations at low temperature, irre- 
spective of age ; A-, for all observations made, including the 1937-1938 data ; E, for 
all observations made on animals 120 days of age, regardless of treatment ; C, for all 
observations made at medium temperature, regardless of age : Ai for all observations 
made during 1939 and 1940 ; F, for all observations made on animals 210 days old, 
regardless of treatment ; and D, for all observations at high temperature, irrespective 
of age. 


The question now arises as to the extent to which these general statis- 
tical conclusions can be supported by the curves for temperature at a 
given age and for age at a given temperature. In Fig. 2 the mean 
tensility curves for all groups at the standard age of 120 days have been 


‘There were no 120-day groups in the earlier data. 
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plotted. Curves for the “disturbed” and thyroid-fed groups have been 
included for this age, but the immediate comparison of importance in- 
volves the three temperature curves. Even casual inspection of these 
tensility curves shows that the general conclusion as to the temperature 
effect on tensility is further supported by data obtained when age is ex- 
perimentally constant at 120 days. Statistical tests of this graphic, 
separation show that there is a highly significant difference between the 
regressions of each group except the 95° F. and the “thyroid” nrouns 
of 1939. ^ 



FORCE IN GRAMS 

Fig. 2. — Graph of 120-day observations, showing the effects of different treatments at 

one given age. 


In comparing the means of these eight 120-day groups, a highly sig- 
nificant difference was found between the temperature groups. How- 
ever, no significant difference was found between the 95° F, and “thy- 
roid,” the 95° F. and “disturbed,” and the “thyroid” and disturbed” 
groups of 1939. To strengthen the evidence, there was no significant 
difference between the 65° F. experiments done in 1939 and 1940, the 
83° F. experiments of 1939 and 1940, and the “disturbed” experiments 
of the two years. 

In Fig. 3 a similar comparison of tempei’ature effects has been made 
for the standard age of 210 days. The inverse correlation of tensile 
resistance with environmental temperature is not perfect for the data 
as a whole at the age of 210 days. Analysis of the results by yeais 
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shows that in the original experiments the clearest association of tem- 
perature was with high tensile resistance in the low temperature group, 
and with lower tensile resistance in the moderate and high groups. 
The means of the two latter were not significantly different. In the 
experiments done in 1939, the order confirms perfectly the effect noted 
at the age of 120 days. It should be pointed out, however, that a 5° 
higher temperature was used in the hot cages and also that the 1939 
curves are all placed somewhat lower than those for 1937-1938. The 
true explanation of this latter effect is not known. It may have been 
the result of obtaining animals from a different source, which seemed 
advisable because a number of animals received from the first source at 
the beginning of one unfinished series were thought to be infected Avith 
middle ear disease. These were destroyed and a new source used. In 
any event, ive find that a combination of the tivo curves for low, medium, 
and high temperatures, respectively, in this series, gives a clear separa- 
tion betAveen the Ioav temperature and the medium and high, AAuth only 
a small difference betAveen medium and high groups. This Avas noted in 
the original study.’- 



FORCE IN GRAMS 

Pig:. 3. — Graph of the 210-day observations, sho-wing the effects of different treatments 

at a given age of 210 days. 

In similar manner, a more refined estimate of the effects of age, inde- 
pendent of temperature, may be gained through a study of Fig. 4. 
Here the curves for the three temperature groups liaA’-e been plotted, and 
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the age noted opposite the individual temperature curves. A separation 
between years in which the experiments were performed is apparent 
here, as well as in the temperature effects at the age of 210 days. The 
principal conclusion, however, that for a standard temperature tensile 
resistance decreases with increasing age, is still borne out. For four 
groups at 65 ° F., four at 83° F., and two at 95° F., we find within each 
separate temperature group a lower mean tensile resistance for the older 
groups (marked B). The trend of all experiments, regardless of series, 
justifies this conclusion. Statisticallj”-, liowever, it is probably most 
sensible to test the age hypotliesis Avithin a single year’s series. For 
example, Ave find that in the 65° P. group in 1939, the 120- and 210-day 
subgroups differ significantly from each other, both as to regression and 
as to mean. 



In the 83° F. group of 1939, the 120- and 210-day subgroups also have 
significantly different regressions . and means. Statistically, the sig- 
nificance is not so great as for the pair of 65° F. obseivations. 

In the 95° F. group of 1939, the 120- and 210-day subgroups show 
significant differences in means and regressions, but these differences 
are not so significant as the age differences AAUthiii the S3 F. gioui^an , 
of course, not nearly so significant as the differences for the 65 i . oi> 

servations. 
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As an approach to the constitutional factor which may have been in- 
troduced between tlie 1937-1938 experiments and tliose that follow, it is 
reasonable to ask how significantly different are 120-day groups at the 
same temperature in tAvo different years if the stock is unchanged. Three 
comparisons are aAmilable, the 65° P. and 120-day groups for 1939 and 
1940, the 83° P. and 120-day groups for 1939 and 1940, and the "dis- 
turbed” and 120-day groups for 1939 and 1940, With the same strain 
of animals and standard treatment for a standard length of time, these 
curves show the f olloAving statistical differences : 

1. Means are not significant^ different; regressions do differ for 
65° P., 1939, 1940. 

2. Means are not significantly different; regressions do differ for 
83° P., 1939, 1940. 

3. Means are not signifieantlj’- different; regressions do not differ 
for "disturbed,” 1939, 1940. 



Fig. 5. — Graph of the rate of change in tensile resistance for the ascending limb 
of the tensility curve. The five points represent data from groups aged 90 days, 
120 days, 180 days, 210 days, and 600 days. All five groups were maintained at a 
temperature of 82° to 84° F. 


Obviously, the effect of temperature at a standard age, or of age at 
a standard temperature, is of a much greater order than group vari- 
ability from year to year, except in the case of the age effect at high 
temperature, and the differential effect of medium and high temperatures 
at the older age of 210 days. 
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Snell a result is entirely consistent and might be generally stated in 
this manner. Both age and temperature produce definite effects on the 
tensdity curve. The effect of temperature is most pronounced at the 
earlier age. At the later age the distinction between high and medium 
environmental temperatures tends to disappear. The effect of age is 
most clearly seen at low and medium temperatures, whereas at the higher 
temperature the age effect is least conspicuous. 

In these comparisons it must be remembered that the terms “age” 
and ' temperature” refer to the conditions of these investigations and 
are not intended as genei-al statements. There is, indeed, evidence from 
an earlier publication^ which, in conjunction with the newer studies 
here reported, indicates that the age decrease in tensile resistance is 
progressive. In Pig. 5 we have plotted the rate of change for the ascend- 
ing limb of the tensility curve, versus age in daj^s, for data covering at 
least two-thirds of the rat’s lifetime (90 to 600 da.ys). 

It is clear from this figure that tensility is inversely associated with 
age. We do not, however, know what tlie effect of prolonging low, 
medium, and high temperatures beyond 210 days ma}’' be. Pig. 5 is 
based upon data from animals which lived at or near the point of thermal 
neutrality for rats (82° to 84° F.). Since temperature has a* sub- 
stantial effect upon the growth of the rat, there seems to be a reason 
for relating the temperature effects up to the age of 210 days to general 
growth effects. Factors inhibiting growth (cold, alcohol) have been 
found to produce animals whose tensility curves resemble those of 
younger animals. Whether or not temperature effects may still be seen 
in tensility curves from animals Avho have attained their maximal 
growth, although at different rates, must be settled by further Avork. 

Effect of Thyroid Feeding . — Any attempt to gain insight into the 
factors responsilile for the effect of age and temperature on tensile re- 
sistance must immediately consider the rate of metabolism. It is well 
Imown that the metabolic rate of the rat is increased by temperatures 
either above or beloAv the point of thermal neutrality, and that, in a gross 
sense, 0113'" age effect is also broadty associated Avith total cumulative 
metabolism, or rather, the sum of “rates of living” Avhich have occurred 
in an organism from birth to a giAmn age. 

In an earlier paper^ the effect of high or Ioav temperatures in elevating 
the rat’s rate of metabolism from a level of about 600 eal/MV24 houis 
to approximately 1,000 cal. Avas mentioned. HoAvever, in so far as in- 
creased tensile resistance can be considered as a favorable characteristic, 
the cold environment is favorable and the hot environment is unfavoi- 
able. This statement involves the tentative assumption that the de- 
creased tensility as age advances means generally that decreased ten- 
sility is ‘ ‘ unfavorable. ’ ’ 
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This most general comparison of cold and hot environments made it 
clear, and it is not snrjirising, that the production of a high rate of 
metabolism by two different means does not necessarily have a common 
effect on the organism (effect, in this case, being judged by a property 
of the aorta). In short, a metabolism of the order of 1,000 cal/J\IV24 
iiours has very diffei-ent effects, depending upon whether exposure to 
heat or to cold is the provocative factor. 

There is abundant evidence that thyi’oid function is increased by cold. 
In the temperature experiments it ivas reasonable to conclude that such 
an increase in thju’oid function might be associated with cold exposure 
and that the increase in metabolism in hot environments was associated 
primarily with increased tissue temperatures. Feeding thyroid to an- 
imals exposed to a normal environmental temperature seemed indicated. 
In this manner, a supermetabolism caused by excess thyroxin could be 
induced at normal temperatures. Forty animals were fed 0.6 Gm. of 
desiccated thyroid extract (Lilly, U.S.P.) per 1,000 Gm. of basic ration 
(0.06 per cent) and maintained at a cage temperature of 83° F. These 
animals were sacrificed in two groups of twenty, at the age of 120 and 
210 days, respectively. In so far as total metabolism is concerned, we 
were thus afforded a comparison between the effects of an elevated rate 
of metabolism induced by exposure to heat or cold and by thyroid 
feeding. 

The effect of thyroid feeding on the tensile resistance of the rat’s 
aorta at the age of 120 days is seen in Fig. 3. Here the curve lies below 
that of all groups, with the exception of the as yet undiscussed “dis- 
turbed” group. Statistieallj^ the curve is significantly different in slope 
from the 65° F., the 83° F., and the “disturbed” groups, but not from 
the 95° F. group. In testing the means, the thyroid experiment is sig- 
nificantly different from the 65° F. and 83° F. gi’oups, but not from 
the 95° F. or “disturbed” groups.- , 

When a comparison is made on the 210-day group, Ave find essentially 
the same relationship. An inci’ease in metabolism induced by thyroid 
feedmg produces an aorta ivhose tensile resistance is decreased. This 
effect is similar to that produced by high environmental temperatures, 
in contrast to the effect of cold environment temperatures. 

The results on thyroid-fed animals are of particular interest, for the 
decreased tensile resistance is not associated with retarded grmvth, as 
Avas the case Avith the 95° F. animals. Previously Ave^ noted that groAvth 
inhibition produced by alcohol intoxication increased tensile re- 
sistance, and in these studies high temperature inhibition^ of groAvth 
produced an opposite effect. It must then be clear that the effect on 
aortic tensile resistance of these \mrious treatments is no simiile effect of 
general groAvth or elevated metabolism. 
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Effect of “Disturbance .” — It has frequently been said that the 
“wear and tear” of modern living is related to life in an environment 
which is abnormally stimulating. One may assume that this statement, 
if it has anj^ definite hj'-gienie meaning, suggests that “stimulation” re- 
fers to neural factors affecting the level of nervous tension and not 
purposeful!}^ related to normal activity and growth. 

•Although it seems questionable whether or not we are prepared to 
create for the rat, or for any other animal, an environment in which 

overstimulation ’ ’ is present, in the sense in which we might understand 
it as a feature of high-pressure urban life, we can easily provide an 
environment which is noisy and physically unstable. In a previous sec- 
tion the apparatus used to produce noise and vibration was described. 
Such stimuli are almost universal!}'’ elfeetive in producing initial alarm 
reactions in animals. Through variation in the sequence and length of 
each particular stimulus in the disturbance pattern, an effort was made 
to provide some degree of continuous novelty in the situation. Observa- 
tion showed that as far as outward signs (posture and activity) were con- 
cerned, the animals apparently adapted within a few days to the dis- 
turbing features of the environment. They interrupted their feeding 
at the beginning of noise or vibration, only to continue after a few 
moments. With vibration and high velocity of air movement, certain 
cage locations were “least disturbed,” and animals usually congregated 
at these locations until the disturbance had ceased. At no time, however, 
could these stimuli be completely escaped in a physical sense, and it is 
logical to assume that the environment Avas “disturbed,” even though 
dramatic evidence of such an effect on the animals rather quickly dis- 
appeared. 

In Figs. 3 and 4 the comparative tensile resistance of aortas from 
the “disturbed” group is shoAvn for tAvo groups 120 days old, and one 
group 210 da}'^s old. In the first 120- and 210-day groups (1939 A 
and B) the euiwes of tensile resistance lie beloAv the curves for all other 
groups. The change is in the direction of a decreased resistance, and, 
if Ave take young animals or animals raised in a cold environment as a 
reference, in an unfavorable direction. Statistically considered, the 
regressions of these curA'es ai’e significantly different (both foi 120- 
and 210-day observations) from any other 1939A or 1939B group, re- 
spective!}''. The analysis of means rcA'els that the “disturbed 1939A 
(120 days) diffei’s significantly from the 65° F. and 83° F. groups, 
but not from the “thyroid” and 95° F. groups of 1939A. At 210 
days the mean difference betAveen “disturbed” and any other 1939 
group is significant or highly significant. 

The results Avere very surprising, even though the acceptance of 
curves of loAvered tensile resistance as unfavorable is regarded as a 
tentative conclusion.’ It is important to state that this conclusion AAoth 
respect to the effect of disturbance had been reached in the 1939 experi- 
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ments. In order to check this result prior to publication, a new series 
was run in 1940 on a new group of animals. These were carried to the 
age of 120 days, and, in order to establish a reference point in the new 
series, temperature groups at 65° F. and 83° F. were run concurrently. 
.The results are seen clearly in Fig. 2. The new curves check very well 
with the previous ones, both with respect to disturbance and temperature. 
The 1940 curve for the “disturbed” group lies at a slightly higher level 
tlian the 1939A curve, but its location in the area which is typical for 
other “unfavorable” treatments is obvious. 



Fig. 6. — Growth curve obtained from weekly weight measurements of all 1939 and 
1940 groups. Double arrow indicates age at which twenty animals from each of the 
1939 groups were sacrificed. 


Effect of Various Treatments on Growth . — A logical analysis of the 
growth curves obtained from the 1939 and 1940 studies presents several 
difficulties. The main difficulty lies in the fact that the curves from 
60 to 120 days represent the average weight of forty animals, whereas 
from 120 to 210 days the average weights are based on twenty animals. 
Thus, there is an increased variability in the second half of the curves 
which is related to the smaller number of animals. It is clear that, by 
reducing the crowding of occupants of a cage (from forty to twenty 
animals), a generally favorable effect has resulted which we had not 
anticipated. The iirecise nature of this influence is obscure, for all 
groups were given an abundance of food. We can avoid any prejudicial 



674 


THE AjMEEICAN HEART JOURNAL 


effect of tins varialDle by discussing the two sections of the curves 
separately. In Fig. 6 the growth curves of all 1939 and 1940 groups are 
given, after smoothing, with a moving average of three. 

Ill the period from 60 to 117 days it seems improbable that there 
was any decided difference in growth rate for the three 1939 temperature 
groups. Such differences as exist suggest that high or moderate tem- 
peratures may be advantageous for growth in the early part of the 
period ; this effect becomes less marked as the animal increases in size, 
and is finally reversed in adulthood. The removal of twenty animals 
from the cage resulted in an immediate increase in growth rate in the 
1939 temperature groups, and the absence of such a marked effect in the 
“thyroid” and “disturbed” groups suggests that these rapidly growing 
animals are nearer their physiologic limit of increase, and hence least 
susceptible to the effect. 

We were able to check this “crowding” effect with 1940 data, in which 
we have the growth curves for twenty animals in the period from 60 
to 117 days. As may be readil}^ seen in Fig. 6, these groups grew much 
more rapidly than the 1939 groups, which comprised forty animals. 

In the second age period, 117 to 210 days, the 1939 temperature curves 
reverse themselves, and, at the final period (210 days), the heaviest 
animals are those from a cold environment, the lightest, those from the 
hot environment, and the moderate temperature group occupy the mid- 
dle rank in weight. 

One is tempted to saj'’ that in an experiment uncomplicated by any 
change in cage population, the effect of temperature up to 120 days 
would probably be a relative inhibition of growth in the cold (see 1940 
results also), in contrast with final adult results, in which cold is favor- 
able and heat unfavorable for growth, as measured by weight. 

Somewhat to our surprise, the growth curves for the “disturbed” and 
“thyroid” groups Avere consistently above the temperature groups, and 
the croAvding effect Avas not noticeable, either Avhen the cage populations 
Avere reduced to tAventy, or aaAcu the first groAvth period Avas cheeked for 
the “disturbed” in 1940 Avith only tAAmiity animals. This suggests that 
the rates of groAvth sIioaati for the “disturbed” and “thyroid” AA’^ere al- 
ready near a maximum for this strain of rat and the particular diet used. 

Both “thyroid” and “disturbed” animals gave group results on the 
arterial tests in 1939 and 1940 Avhich Avere “unfavorable”; in other 
Avords, in the direction of the effect produced by high temperatures and 
increasing age. These groAvth results immediately suggest that per- 
haps the “thyroid” and “disturbed” Avere physiologically older as a 
result of their more rapid groAvth and that the “unfavorable” arterial 
performance of these groups aa^s really an age artifact. This conclusion 
is untenable, hoAvever, Avhen it is remembered that the “thyroid and 
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65° F. animals had very nearly the same final growth status and that 
the arterial results for the “cold” animals were quite in the other 
direction. 

It is probably sufficient to note that conditions which are unfavorable 
fiom the standpoint of arterial tests are not necessarily associated with 
retarded growth. Obviousljq the effects are subject to the influence of 
many variables, and the basic physiologic interrelations are not simple. 

Inclusion of length and weight-length ratio adds another dimension 
to the picture of tlie effect of the various treatments on groivth. This 
discussion will be limited to the five groups studied in 1939 because of 
the continuity from 60 daj^s to 210 days. It will be seen from Table 
III that, at 120 days, the “thju'oid” group had attained the greatest 
length, with the “disturbed,” 83° F., 95° F., and 65° F. following be- 
hind in that order. At 210 days, “th 3 Hoid” and “disturbed” were still 
the longest animals, but 65° F. had moved up from fifth to third place, 
83° P. had moved from third to fourth place, and 95° P. from fourth to 
fifth place. This shift in order is significant, and will be discussed 
shortly. At 120 days, “thyroid” had the highest ratio, with “dis- 
turbed,” 65° P., 95° P., and 83° P. following in descending order. At 
210 days the “disturbed” group. had the highest ratio, with 65° P., 
83° P., “thyroid,” and 95° P. in the same order. The treatments to 
which the animals were exposed are clearly reflected in the length- 
weight ratio of the different groups; weiglit alone is an incomplete 
criterion of growth because length as weU as weight is affected by 
treatment. 

A closer analysis reveals that the average length of the “thyroid” 
group, as might be expected, was greatest both at 120 days and at 210 
days. At 120 days, it also had the highest weight-length ratio, which 
shows that it was also the heaviest group. At 210 daj'^s, however, the 
“thyroid” weight-length ratio had dropped from first to fourth place, 
indicating that the increment of weight had not kept pace with the in- 
crement in length, and that the thjHoid treatment was producing pro- 
portionately longer, , thinner rats. It is startling that, f I’om 60 to 120 
days, the “thyroid” animals gained 109 Gm., on the average, whereas 
from 120 to 210 days the average gain was only 16 Gm. The growth 
curve corroborates the fact that there was very rapid growth in the 
first 60 days of treatment, with a decided slowing down in the next 
120 daj’^s. The increase in length from 120 to 210 days seems very small 
(8 mm,), but it is aetuall}’' a little in excess of the comparative figuies 
given by Donaldson for change in length with change in body weight. 

The “disturbed” animals, at 120 days, had the second highest weight- 
length ratio, and were the second longest. Therefore, they were also the 
second heaviest. At 210 days the weight-length ratio was highest, al- 
though the length remained in second place. Therefore, the gain in 
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weight was greater than the gain in length. From 60 to 120 days the av- 
erage gain in weight was 95 Gm., as eompared to 109 for the “thja’oid.” 
The contrast between the two groups came in the weight gain attained 
between 120 and 210 days. Although the “thja’oid” gained but 16 
Gm. on the average, the “disturbed” gained 47 Gm. In length, the 
“disturbed,” like the “thj'-roid,” gained veiy little from 120 to 210 days. 
Most of the Aveight and length groAvth in both of these groups Avas at- 
tained earlj'-, i.e., betAveen 60 to 120 days. 

The three temperature groups behaved someAA'hat differently. The 
average gain in Aveight betAveen 60 and 120 days for the 65° F. group 
Avas 73 Gm., AAdiieh is considerably less than the gain made by either the 
“thyroid” or “disturbed” groups for the same period, but the gain 
hetAveen 120 and 210 days amounted to 72 Gm. TIius, the total Av^eight 
gain from 60 to 210 days Avas slightly more than for any other group, 
but the important difference is that it was evenly distributed over the 
period from 60 to 210 days. The Aveight-length ratio for the 65° F. 
group at 120 days AA'^as third highest ; these animals shoAved the shortest 
lengths of any group. At 210 days the Aveight-length ratio had moved 
up to second place, and the length Avas also increasing. Thus, the groAvth 
of the 65° F. groups Avas one of even, steady gains, both in Aveight and 
length. The largest gains of aii}^ group from 120 to 210 days in both 
measurements Avere attained by this gi’oup. The average increase in 
length betAveen 120 and 210 days AAms 34 mm. 

The 83° F. groups, AAdiieh served as the controls for all the others, 
tended to strike a mean betAveen the behavior of the 65° F. and the 
“thyroid” and “disturbed” groups. At 120 days the AA^eight-length 
ratio Avas the smallest, the length Avas third greatest, and the Aveight AAms 
the third highest of all the groups. At 210 days the Aveight-length ratio 
moved up to third place,.- indicating a someAvhat greater increase in 
Aveight in jiroportion to length. The Aveight gain averaged 76 Gm. for 
the 60- to 120-day period, and forty-nine for the 120- to 210-day period. 
The increase in length betAveen 120 and 210 days aA'^eraged 18 mm., 
AAdiich amounted to about half of the gain achieved by the 65° F. group, 
but tAvice to three times as much as Avas gained by the “thyi’oid” and 
“disturbed” groups, respectively. The effect of an CA'^en, medium tem- 
perature seemed to combine the effects of stimulation by thyroid feeding 
and by a cold temperature. There Avas more gain in Aveight early in the 
experiment than in the latter portion; the rate of increase in length 
continued during this period, but Avas not out of proportion to the 
Aveight gain. 

Finally, the effect of a hot eiiAdronmental temperature Avas to produce 
an animal Avhose length Avas proportionately greater than its Aveight at 
all times. The Aveight-length ratios at 120 and 210 days Avere next to' 
smallest and smallest, respectively, of any of the groups. The average 
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weight gam from 60 to 120 daj^s was 70 Gm., but was only 34 Gm. 
from 120 to 210 days, whereas the increase in length during the latter 
period was 24 mm., or next to the highest. Most of the weight gain 
took place in the early part of the experiment, but the increase in length 
continued at a high level throughout. 

A brief summary of the 1939 growth experience, as judged by weight, 
length, and weight-length ratios, shows that the treatment to which each 
group was subjected had a definite effect, not only on the final level 
reached, but also on the rate of growth during the experiments. As 
judged by the “final level” criterion, the “disturbed” group was the 
heaviest and second longest; the “thyroid,” the third heaviest and 
longest; the 65° P. group, the second heaviest and third longest; the 
83° P. group, the fourth heaviest and fourth longest; and the 95° P. 
group, the lightest and shortest. The rates of change indicate that the 
“thyroid” group did most of its growing between 60 and 120 days, 
as did the “disturbed” group. Of the three temperature groups, the 
65° P. grew more between 120 and 210 days, and the 83° P. and 95° P. 
followed at a slower pace. 


GENERAL DISCUSSION 

To supplement the graphs already presented, we have prepared 
(Table IV) a summary of the outstanding differences in the total of 
twenty-one experiments which were carried out between 1937 and 1940. 
The first five columns record the basic variables, i.e., temperature, special 
treatment, and age of animals for each experiment. The sixth column 
gives the mean weight of the animals at the close of each experiment, 
and the last three columns show values for Young’s modulus at three 
significant points. Colmnn 7 is the initial reading, with a weight of 
only 7 Gm. Column 8 is the average reading (with weights of 27 to 54 
Gm.) at the low point of the curve, where the modulus reaches its 
minimum value. Column 9 is the reading corresponding to a weight- 
stress of 378 Gm., where the modulus is close to its maximum. 

In general, the modulus for comparable conditions (like tlie ultimate 
breaking point) was higher in 1937-1938 than in later experiments (this 
was caused either by a difference in .stock or by some unidentified dif- 
ference in experimental procedui’e). The change of final modulus 
(378 Gm.), with age, in this earlier series was from 370 at 90 days 
to 250 at 180 days and 184 at 600 days (all at 72° to 73° F.). At 210 
days the value at 65° F. was higher (257) than at 82 F. or 90 F. 
(211 to 215). Lead and alcohol exposure at 82° P. seemed, as pointed 
out in an earlier communication,* to be associated with a higher modulus 
than that characteristic of control animals of the same age at 72 F., 
or than that of control animals of the same weight after 210 days at 

82° P. 
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The last thirteen experiments, which were conducted in 1939-1940, are 
mutually comparable, for they were done with animals of uniform 
stock. They confirm the earlier conclusions that Young’s modulus de- 
creases with age, and, at a given age, with an increase in environmental 
temperature. It is important to know, however, whether the infiuenee 
of low temperature in maintaining a high value at a given age is due 
merely to a slowing up of growth processes or to some directly favorable 
effect upon the state of the arteries. In Fig. 7 we have plotted all the 
1939-1940 experiments to show the relation of the modulus value to the 
mean weight of the animals, irrespective of age. In every case, however, 
the final point in each curve represents a 210-day group. All other 
points are for 120-day groups. It will he noted from the graph that all 
curves show a tendency to fall -with increasing age and weight and that, 
for a given age and weight, the animals which were kept at a temperature 
of 65° F. showed a higher modulus than those kept at 82° F., whereas 
the animals kept at 95° F., as well as those overstimulated by thyroid 
feeding or sensory disturbance, all showed a modulus lower than normal. 



Fig. 7. — Graph of average body weight, sse? rre'^for°group^ at 

for .various treatment groups, irrespective of age. Crosses^^C®) groups at 

65° F. ; open circles (o), for groups at 83 ^ , oP fij-Mes (•), for “disturbed 

95° F. ; triangles (A), for thyroid-treated results; it so happens, how- 

groups. Points plotted represent botil 120- I"! Fday ctoup ; all other points are for 
ever, that the lowest point in each series is a 21 u ciay g 

120 days. 

Little has been said about the initial limb of the tensility curve or the 
low point of the modulus, because it is clear that the slope and place- 
rnt of the long, aseendiig, right limb of the curve for a grveu group 
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afford the most reliable and characteristic measure of the performance 
of the arteiy on the tensometer. Since the stresses involved were well 
beyond phj'^siologic limits, it is believed that the right limb measures a 
structural property. It can be seen readily from Table IV, however, that 
the initial and low modulus values which define the descending curve 
are, in general, proportional to the final values at 378 Gm. of stress. 
These initial and low Values lie in a stress range which is within physi- 
ologic limits. It therefore seems reasonable to conclude that there is a 
fairly substantial relationship between the structural property, as 
measured by the ascending limb, and the tensile resistance of the arterial 
section in the range of phj^siologic stress Avhich is involved in the initial 
section of the curve. There are, however, certain rather conspicuous 
exceptions to the general association between the initial, loiv, and final 
values. Groups 11 and 12 (Table IV), respectively the 120-day, 95° F. 
and 120-day, “tlyroid” groups, gave exceptionally high initial values in 
association ivith Ioav final values. Both of these groups had experienced 
rapid early groAvth, although it should be noted that this tapered off in 
the 95° P. group betiveen the ages of 80 and 100 days. This is not 
unusual, for there are sound reasons for believing that the optimal tem- 
peratures for growth are higher in the early stages of development than 
in the later stages. This is shonui bj^ the reversal of the position of the 
groAvth curves in the 1939 experiments at 88 and 210 days. At 88 days 
the temperature groups, in the order of greatest weight, Avere 95°, 83°, 
and 65° F. At 210 days this order became reversed, and AA^e find the 
highest level of groAvth in the 65° F. group, Avith the 83° and 95° groups 
folloAving in that order. 

Group 9, the 120-day, 65° P. animals, deviated from the general trend 
of association betAveen initial and final values for the modulus in a direc- 
tion opposite from that noted for Groups 11 and 12. Group 9 grew 
more sloAAdy than any other group up to 120 days. These three con- 
spicuous deviations from the general trend may be fortuitous, but it 
should be noted that these deviations betAveen initial and final values in 
Table IV concern groups in Avhich conspicuously high or Ioav initial 
values Avere associated, respectively, Avith accelerated or retarded groAAffh 
at the age of 120 days. 

CONCLUSIONS 

1. The tensility of the aorta of the rat, as measured by the Hume 
tensometer, appears to be a valid measure of certain iirocesses of aging 
in the arterial Avail. With advance in both actual and physiologic age 
(as measured by Aveight increase), the tensile resistance of the aortic 
rings to distention stresses shoAvs a progressive decrease. 

2. The aortas of rats maintained at an air temperature beloAV normal 
(65° F.) shoAv a higher tensile resistance than those of rats of the same 
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age and weight maintained at a temperature of 83° F. This phenomenon 
is, of course, associated with an increased rate of metabolism. 

3. Eats maintained at 95° F., or at 83° F, with regular doses of thy- 
roid extract, show a high metabolic rate which is comparable to that 
produced by a temperature of 65° F. Yet, in such rats, the tensile 
resistance of the aorta, instead of being increased, is decreased to a 
value below that of the 83° F. eontroLs. 

4. Eats exposed to repeated sensory disturbances show a similar re- 
duction of tensile resistance ; their aortic wall yields to stress more read- 
ily than that of control animals of corresponding age and weight, kept 
at the same normal temperature of 83° F. 
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DIGITALIS AND THE NORMAL WORK ELECTROCARDIOGRAM 


Irving M. Liebow, M.D., and Harold Feil, M.D. 

Cleveland, Ohio 

D uring the course of routine interpretation of electrocardiograms 
in this laboratory, the record of a digitalized patient who had 
undergone an exercise tolerance test was encountered. The record after 
exercise, but not before, showed depression of the S-T junctions. This 
was thought to substantiate the clinical diagnosis of angina pectoris. 
The question was raised, however, as to whether or not digitalization 
alone might affect the work electrocardiogram, and a search of the lit- 
erature revealed only one reference to the subject. Zwillinger,^ in 1935, 
attempted to correlate the similarity of electrocardiographic changes in 
cases of digitalized controls with the electrocardiographic changes in 
subjects with proved coronary artery sclerosis during attacks of angina 
pectoris. He took electrocardiograms of four young, normal adults be- 
fore and after exercise and repeated the test after digitalization. He 
noted that the administration of digitalis produced in some cases a work 
electrocardiogram with depression of the level of the S-T talie-off. The 
resulting electrocardiograms resembled those from patients during at- 
taclis of angina pectoris, although Zwillinger’s subjects were normal. 

This is an important observation. Furthermore, since this was the 
only report ive could find in either American or foreign journals, and 
since Zwillinger’s observations were made on only a small number of 
subjects (four), it was considered of interest to repeat the work. 

METHOD 

rourteen volunteers were used in the experiment. All were males, and the ages 
of thirteen of them ranged from 25 to 31 years; the fourteenth was 51 years of age. 
All were in good health so far as could be a.seertained. 

An electrocardiogram was made of each subject while at rest. He was then 
asked to make 100 trips over two steps. Each of these steps was 9 inches high, 
and a trip consisted of climbing the two steps to a small platform and then de- 
scending the opposite side. The subject then faced about, reclimbed and redescended 
the steps, making a second trip — and so on, until 100 trips were completed without 
rest. He proceeded at his own rate. Immediately after completion of the 100 trips, 
a second electrocardiogram was taken. The subject was then digitalized, and the 
process was repeated. 

From the Department of Medicine, Western Reserve University, and the Lakeside 
Hospital, Cleveland. 
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The subjects were digitalized by the administration of 0.1 Gm. tablets of digitalis 
folia. The individual total doses ranged from 1.5 to 3.4 Gm., and the time consumed 
in effecting digitalization, in thirteen cases, ranged from two to four and one-half 
days. The fourteenth person was digitalized in eighteen hours. The symptoms de- 
noting full digitalization were the usual yellow vision, anorexia, nausea, abnormal 
sensation in the epigastrium (“pressure,” “flutter,” “uneasiness,” “fullness,” 
“excited feeling”), bradycardia, and lightheadedness. In one instance there were 
no subjective symptoms; onlj^ a marked bradycardia was noted. Electrocardiographic 
evidence of a digitalis effect was present in very few instances, and then only to a 
minor degree. 



RESULTS 

The outstanding change following exercise, after digitalization, was 
the general depression of the S-T junction. This, contrasted with the 
absence of such depression after exercise in the undigitalized subjects, 
is well illustrated in Table I. Indeed, in four subjects the deviation 
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of the S-T junction was greater than 1 nun. below the isoelectric line, 
which is generally accepted as distinctly abnormal.^ Such changes are 
pictured in Figs. 1 and 2, This degree of depression of the S-T junction 
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was never encountered in the undigitalized subjects. The changes may 
be compared with those which occur in a patient with coronary arteiy 
sclerosis before and during an attack of angina Peet^is ( og. ^ 
After digitalization, exercise did not cause upright w£h^ s ^ 
inverted, but in four subjects an upright T wave became diphasic. 
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fore digitalization, exercise had had a different effect. It caused an 
increase in the amplitude of the T ivaves in three of the subjects, and 
slight flattening in the fourth. In five subjects digitalization caused 
an upright Tg to become diphasic, and after exercise the diphasic waves 
became completely inverted. Before these subjects were digitalized, 
exercise had caused slight flattening of Tg in three instances, no change 
in one instance, and an actual increase in amplitude in the remaining 
ease. Similarlj^, in one subject, records taken before exercise, both be- 
fore and after digitalization, showed a diphasic Tg ; before digitalization 
exercise caused the T wave to become upright, whereas after digitaliza- 
tion the diphasic wave developed a greater negative component. 



A. B. 

Fig. 3. — A. Patient at rest, without pain. B. Patient during attack of angina pectoris. 


In two subjects exercise after the administration of digitalis was 
followed liy relativelj^ long periods of sinus arrest. In one record the 
interval was 0.64 second, and the period of sinus arrest lasted 
1.4 seconds; in the other the R-R interval was 0.72 second, and the 
period of asystole was 1.24 seconds. In the latter case Pg became mark- 
edlj'- inverted, although it had remained upright in the control. 


COMMENT 

It has been known for some time that electrocardiographic changes 
are associated with some attacks of angina pectoris. Feil and Siegel,® 
Parkinson and Bedford,^ and HalP have shown that with induced 
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attacks of pain, there are depression of the S-T junction and diminution 
in the amplitude or inversion of the T waves in one or more leads. 
Wood and Wolferth® observed the same changes with both spontaneous 
and induced attacks. These facts have been put to clinical use in the 
diagnosis of angina pectoris. In a doubtful case an electrocardiogram is 
taken and the patient then exercises until pain is induced. An electro- 
cardiogram is taken immediately to ascertain what changes have ap- 
peared. It is of great importance, therefore, that no factor other than 
the state of coronary flow affect the work electrocardiogram. We have 
sho'wn that digitalization will produce, in a certain proportion of normal 
persons who experienced no pain, changes in the S-T junction and the 
T wave of the work electrocardiogram tliat resemble those in records 
taken during spontaneous or induced attacks of angina pectoris. There- 
fore, a cheek should be made in all cases concerning digitalis admin- 
istration. 

The question arises as to why digitalis causes such changes. The 
effect of this drug on the coronary arteries is still not loiown. Work 
on arterial strips, heart-lung preparations, and intact animals has 
jdelded very different results. Gilbert and Fenn' found that digitalis 
bodies may exert a vasoconstrictor action ; Essex, Herrick, and Visscher® 
observed no effect on the mean coronary flow; and Ginsberg, Stoland, 
and Siler® found a constrictor effect which they considered inconse- 
quential. There is agreement, however, on tlie changes that occur in the 
electrocardiogram following anoxemia. Rothschild and Kissin^® observed 
S-T deviation in both normal subjects and (particularly) people •with 
angina pectoris during induced general anoxemia. Katz, Hamburger, 
and Schutz^^ observed flattening of T, occasional inversion of T in 
Lead III, and a dovmward shift of the S-T segment in normal subjects 
during generalized anoxemia. Le'vj'^, Barach, and Bruenn^® reported 
slight flattening of T waves and a little depression of the S-T segments in 
normal subjects who breathed a low-oxygen mixture; in patients who 
had heart disease with cardiac pain, the anoxemia was associated with 
a change in amplitude, and occasionally in direction, of the T wave, and 
appreciable depression of the S-T segments. These changes caused by 
generalized anoxemia, particularly in patients with an impaired coronary 
circulation, are similar to those which occur in digitalized normal per- 
sons after exercise. It seems possible, tlien, that the oxygen supply to the 
heart during exercise is less after digitalization than in the undigitalized 

state. 

SUMMARY 

1. Exercise electrocardiograms were made of fourteen normal pei-' 

sons before and after digitalization. ^ 

2, When the subjects were digitalized, exercise caused a general de- 
pression of the S-T junction which in four instances was distinctly ab- 
normal. Changes in T waves and rhythm also occurred. 
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3. It is therefore imperative that the digitalis effect on work electro- 
cardiograms be not confused with work electrocardiograms which show 
tlie result of myocardial ischemia due to coronary artery disease. 
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MYOCAEDIAL NECROSIS IN DIPHTHERIA 

With a General Review of the Lesions op the Myocardium in 

Diphtheria 

K. Y. Ch’in, M.D., AND C. H. Huang, M.D. 

Peiping, China 

r^EATH of diphtheria iiatients from circulatory failure is a well- 
^ known and frecpient occurrence, but the cause of the circulatory 
failure has been variously explained by different writers. Certain 
authors regard the cause as extraeardiac. Romberg, et al.,’- found that 
mechanical expression of blood from the splanchnic veins or compression 
of the aorta restored the heart’s action in rabbits poisoned with diph- 
theria toxin, and considered that the heart failure was due not to myo- 
cardial damage but to a fall of blood pressure which they believed to 
be the result of poisoning or paralysis of the vasomotor center in the 
brain. Brodie,- experimenting with cats, thought that the cardiac 
death was caused by failure or relaxation of the blood vessels and the 
consequent fall in blood pressure, and Friedmann^ regarded the diph- 
theria toxin as a specific poison for the blood vessels or the peripheral 
vasomotor nerves. MacCallum,^ by artificially increasing the blood pres- 
sure in the aorta and by perfusing isolated hearts, found that the hearts 
from diphtheria-poisoned dogs could be made to continue or resume 
beating for hours by such means after circulatory collapse, or even 
death, had occurred. Thus it is generally conceded that circulatory 
failure in diphtheria may be a result of vasomotor paralysis without 
demonstrable myocardial damage. This is particularly true in eases iu 
which death from circulatory failure occurred in the acute stage of the 
disease. 

Again, certain authors attribute the cardiac failure to peripheral 
nerve degeneration. Veronese® found degeneration of the vagus, the 
cardiac ganglion, and the sympathetics, and maintained that this was 
the cause of the heart failure. Vincent*’ also regarded the vagal injury 
as essential. Thomas and Hibbard^ concluded from their histologic 
studies of the nervous and myocardial lesions in diphtheria that the 
changes in the nerves were observed earlier and with greater constancy , 
and were therefore of greater importance than the myocardial degenera- 
tion, which they thought was secondary to vagal injury. On the other 
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hand, Leyden,® Unruh,® Huguenin,^® and Hochlians^^ were unable to dem- 
onstrate any changes in the vagi and cardiac ganglia that they studied. 

Abramow^® found experimentally that large doses of diphtheria toxin 
caused suppression of the suprarenal secretion, and he ascribed the cir- 
culatory collapse in diphtheria to adrenal insufficiency. 

That damage to the myocardium itself was also present was shown by 
MaeCallum’s‘‘ observation that the hearts of diphtheria-poisoned dogs 
did not continue to beat as long as the control hearts, were feeble in 
action, and showed a tendency to fibrillation, and by the electrocardio- 
graphic changes observed by a great many investigators (Nathanson,^®’ 
]3egg,i5 Thompson, et al.,®® Perry, Boyle, et al.®®) in diphtheria pa- 
tients and in animals poisoned with diphtheria toxin. However, as re- 
gards the pathologic nature, the site, and the extent of the myocardial 
damage, and the significance of the myocardial lesions in relation to the 
cause of death, there exists much difference of opinion. MaeCallum®® 
and Donnerstag®® found that the gross and microscopic changes in the 
heart were scarce and insignificant, and Loth®^ stated that the lesions 
were usually only cloudy swelling and focal fatty change and that a 
true myocarditis was only exceptionally demonstrable. The latter lesion 
has, however, been recognized by the majority of authors; Holt®® con- 
sidered toxic myocarditis more important than lesions of the cardiac 
nerves, especially in the late stage of the disease. Severe and extensive 
myocardial changes have been described by Councilman, et al.,®® Price 
and Mackenzie,®* Aviragnet, et al.,®® and Warthin,®® and Councilman, 
et al.,®® stated that these changes were sufficient in themselves to cause 
cardiac insufficiency. Myocardial lesions have also been observed in 
-experimental animals after injection of diphtheria toxin (Anitschkow,®® 
Ma, Lieu, and Tung®®). Flemming and Kennedy,®® L6w,®° Hume and 
Clegg,®* Parr,®® and Muir®® described myocarditis involving the bundle 
of His, and Parr®® even stated that the diphtheria toxin had a specific 
affinity for this structure. On the other hand, a lesion of the bundle 
was not regularly found by Aviragnet, et al.,®® in cases in which there 
had been clinically demonstrable arrhythmias; Tanaka®* found it only 
rarely in cases of fatal diphtheria; and Eohmer®® stated that the diph- 
theria toxin showed no affinity for the bundle. Much controversy also 
exists as to the relative importance and frequency of the parenchymatous 
and interstitial lesions of the myocardium. Although the majority of 
authors regard a toxic parenchj^matous myocarditis as the primaiy and 
important lesion, and the changes in the interstitial tissue as seeondarj^ 
and of a reparative nature, Leyden,® who found diffuse and overwhelm- 
ing round cell infiltration in the interstitial tissue of the myocardium 
and only slight fatty change in the muscle fibers, attributed the cardiac 
failure to an interstitial myocarditis; Birch-Hirschfeld®® even consid- 
ered the interstitial changes as primary and the parenchymatous 
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changes as secondary; and Rabat and Philippe^^ stated that in their 
series of observations diphtheritic myocarditis was always of the 
interstitial type. 

In view of the controversial state of the literature regarding the na- 
ture and extent of the myocardial lesion, and especialty its significance 
in relation to the cause of cardiac failure, it is desirable to put on 
record the following ease, in which the cardiac failure was adequately 
accounted for by extensive rajmeardial necrosis. 

CASE REPORT 

A Chinese girl, 17 years of age, was admitted with a history of serosanguiaous 
discharge from the nose, severe sore throat, and inability to swallow and to speak 
for ten days. The onset of the illness was sudden and was followed by light cough. 
A week prior to admission she developed redness and swelling of the subniaxillary 
2 ‘egion which persisted. There was no subjective feverishness. She had never 
been immunized against diphtheria. 

Examination showed an undernourished, dehydrated, and critically ill patient. 
The voice was hoarse, but there was no respiratory distress. The skin was free 
from any kind of eruption. The conjunctivae were slightly congested. The nose 
was obstructed with serosanguinous discharge aud crusts. The lips showed no 
cyanosis. A dirty necrotic membrane eormred the whole throat from the soft palate 
to the posterior pharyngeal wall. It bled easily. The neck was not rigid. A 
number of enlarged and tender snbmaxillary lymph nodes were present on both 
sides. The lungs were normal. The heart was not enlarged. The heart sounds 
were normal, aud there was no murmur. The cardiac rhythm was regular. The 
blood pressure was 82/52 mm. Hg. The abdomen was soft, and the liver and 
spleen were not palpable. The extremities and the reflexes were normal. 

Examination of the blood showed 5,030,000 erythrocytes, 17,5 Cim. of hemoglobin, 
and 39,800 leucocytes, with 86 per cent polymorphonuclear neutrophilic leucocytes. 
The urine showed 2+ albumin, occasional erythrocytes and leucocytes, and many 
hyaline and granular casts. The stools were normal but contained asearis ova. 
The throat smear showed diphtheria bacilli and spirochetes, but no fusiform bacilli. 
A culture from the throat swab showed diphtheria bacilli, and also Streptococoii^ 
hemolytimis beta: Streptococous hemoTytious beta, but no diphtheria bacilli, were 
cultured from the nose swab. The Schick test was positive. 

After admission, 30,000 units of diphtheria antitoxin were given intramuscularly. 
The dirty membrane in the throat gradually dropped off, leaving behind a raw 
surface with a big ulcerated area, about 1.5 cm. in diameter, involving the soft 
palate, pillars, fauces, and a part of the posterior pharyngeal wall. A 3 per cent 
solution of neoarsphenamine in glycerine was applied locally. The fluid and food 
intake was so poor that intravenous glucose infusions had to be given daily. ^ Her 
general condition remained unimproved, and she died rather suddenly, hut quietly, 
twenty-flve minutes after the last infusion of 150 c.c. of 10 per cent glucose in 
normal saline, on the seventeenth day of the disease. 

Post-Mortem. Observations . — The entire pharyngeal wall was markedly congested 
and somewhat swollen. On the right lateral pharyngeal wall, and also, to a less 
extent, on the left pharjmgeal wall, irregular, small ulcers, covered with puru en 
exudate, were found. The right tonsil was slightly enlarged, markedly congested, 
and superficially but extensively ulcerated. The left tonsil was not enlarged and 
showed no congestion or ulceration. The lymph nodules at the hack of t le tongue 
were very prominent. The submaxillary lympb nodes were swollen, and, on section, 
appeared juicy. The epiglottis and the arytenoepiglottic folds were edematous. 
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The mucosa of the larynx showed diffuse swelling and congestion, especially the 
vocal cords and the ventricular hands. The inner surface of the larynx was cov- 
ered with a film or fibrinous exudate, mostly on the left, anterior side. The tracheal 
and bronchial mucosa also showed diffuse swelling and congestion. A film of 
fibrinous exudate was found over small areas of the trachea in its proximal portion 
just beneath the larynx, and a small amount of purulent exudate was present in the 
right bronchus just below the bifurcation of trachea. There was no actual diph- 
theritic membrane in the pharynx, larynx, or traclieobronchial system. Both lungs 
showed, on section, a few, small, scattered patches of early lobular consolidation. 
The tracheobronchial lymph nodes were not enlarged. Cultures taken from the 
pharynx, larynx, bronchus, and lung showed beta hemolytic streptococci, but no 
diphtheria bacilli. 



Pig:. 1. — Extensive destruction of the myocardial fibers, proliferation of the connec- 
tive tissue cells, cellular infiltration of the endocardium, and a mural thrombus (at the 
top of the picture). (X155.) 


The heart was of normal weight (240 Gra.), but showed extreme dilatation of 
the left ventricle; numerous, fresh, mural thrombi were adherent to the endocardial 
surface of most of the wall of the left ventricle, and extended between the trabecu- 
lae carneae and papillary muscles. The left ventricular surface of the interven- 
tricular septum was smooth and free from mural thrombosis. The right auricle 
and ventricle were also markedly dilated, but showed no thrombi. The left auricle 
was normal. There were no valvular lesions. The aorta was smooth and elastic. 
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The liver showed marked central congestion, with a typical nutmeg appearance. 
Tie kidneys was markedly congested. Each pleural cavity contained about 1500 
e.c. of clear, straw-colored fluid, and the peritoneal cavity contained about 200 
e.c. of similar fluid. Slight edema was present over the ankles and feet. 

Grossly, the other organs were not striking. 

Mim-oscopically, sections of the larynx stained by the Gram-Weigert method 
showed numerous Gram-positive cocci in chains in the fibrinous pseudomembrane 
but no diphtheria bacilli with Ponder’s stain. The Giemsa stain revealed neither 
fusiform bacilli nor spirochetes in the ulcers of the pharyngeal wall and the tonsil, 
but numerous Gram-positive cocci in chains were present. Section of the cervical 
lymph node showed leucocytic infiltration in the marginal and medullary sinuses. 
Section of the lung showed small scattered patches where the alveoli were distended 
with leucocytes and fibrin and the bronchioles filled with purulent exudate. The 
spleen showed no follicular necrosis or leucocytic infiltration of the pulp. The kid- 
neys showed marked degeneration of the convoluted tubules. The suprarenals were 
normal. The bone marrow of the femur was hyperplastic, with active granulo- 
poiesis. 



Fig. 2. — Two, necrotic, disintegrating, myocardial fibers (one in the right and the 
other in the left field of the picture), which are much more deeply stained (with eosin) 
than the relatively normal fibers, are distinctly granular in appearance and are in- 
filtrated with polymorphonuclear leucocytes. In the middle of the picture, a histocyte 
can be seen occupying, together with several leucocytes, the space left by the disap- 
pearance of a myocardial fiber; above and a little to the left, a connective tissue cell 
(fibroblast) with a mitotic figure can be seen. In this picture there are many spindle- 
shaped fibroblasts (cut longitudinally) between the myocardial fibers (which are 
also cut longitudinally). Note also the leucocytic infiltration of the endocraraium. 
(X295.) 

Section of the niyoeardium showed extensive destruction of the myocardial fibers 
(Kg'. 1), although the sarcolemma sheaths were in most places still preserved (Fig. 
3). Inside tlie sarcolemma sbeatlis, lumpy or granular acidophilic remains of the 
myocardial sarcoplasm were frequently found (Eig. 3). In the areas in which the 
muscle fibers had disappeared, there was proliferation of the connective tissue cells 
(Figs. 1, 2 and 3). Near the endocardium the lesions were more acute, and fresh 
necrosis of the myocardial fibers was observed. These necrotic fibers were more 
deeply stained with eosin than the relatively normal ones; they were distinctly 
granular in appearance and were infiltrated with polymorphonuclear leucocytes 
(Tig. 2). Histiocytes were also found among the leucocytes. The endocardium was 
heavily infiltrated with leucocytes (Pig. 2), and the endocarditis had caused fresh 
mural thrombosis. The thrombus presented the typical structure of corrugated 
laminae of platelets, interposed with masses of leucocytes and fibrin. No bacteria 
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were found in the myocardium or endocardium. Lesions of this nature and of 
varying degree were found in sections taken from various parts of the left ven- 
tricular walls; they w'ere most marked in the apical and lateroposterior portion of 
the left ventricle, whereas sections from the portions of the inten'entricular sep- 
tum in which the bundle of His lay, from the right ventricle, and from the auricles 
showed no lesions. Thus the extent of the lesions, as ascertained microscopically, 
corresponded well to the extent of the mural thrombosis which was found grossly. 
The liver showed marked central congestion and atrophy. The spleen showed marked 
congestion of the sinusoids. The kidneys also showed marked general injection of 
tlie blood capillaries. 



Fig. 3. — Showing disappearance of many myocardial fibers and persistence of the 
sarcolemma sheaths which describe the outlines of the lost myocardial fibers. "Witliin 
the sarcolemma sheaths there can be seen irregular, lumpy, or granular, acidophilic 
remains of the myocardial sarcoplasm. The small cells with dark nuclei are fibro- 
blasts cut transversely (the myocardial fibers in this picture are also cut transversely), 
and many of these cells are situated inside the sarcolemma sheaths. (X460.) 

Anatomic Diagnosis . — History of pharyngeal diphtheria. Acute ulcerative pharyn- 
gitis and tonsillitis, diphtheritic laryngitis, and early lobular pneumonia, bilateral 
(Streptococcus hemolytious beta)-, acute cervical lymphadenitis; acute myocardial 
necrosis, with fresh mural thrombosis of left ventricle; marked dilatation of heart; 
marked passive congestion of liver, spleen, and kidneys; slight ascites and hydro- 
thorax; edema of ankles and feet; tubular degeneration of kidneys; hyperplasia of 
bone marrow. 

DISCUSSION 

There was very little doubt that the patient had a diphtheritic infec- 
tion of the throat. The points in favor of such an impression were 
(1) the presence of a dirty necrotic membrane covering the whole 
throat, (2) the demonstration of diphtheria organisms in both the direct 
smear and the cultures, (3) the positive Schick test, (4) the response 
of the local lesion, in the form of disappearance of the membrane, after 
the injection of diphtheria antitoxin, and (5) the toxic manifestations 
m the absence of a marked febrile reaction, and the circulatory failure. 
The ulcerative pharyngitis and tonsillitis were, as shown by the results 
of culture and of direct staining of the sections, caused by the hemolytic 
streptococcus which is known to be the most frequent secondary invader 
111 diphtheria infection. The film of fibrinous exudate in the larynx was 
evidently produced by the streptococcus, which is known to produce 
such exudates, and was present in the exudate in large numbers. If it 
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were a residual membrane due to diphtheria infection, Ponder’s stain 
of the section and culture at autopsj^ should have demonstrated dipli- 
theria baeilli, 

Tlie most striking featui’e of this ease was the mjmcardial necrosis, 
wiiich was evidently of a toxic nature, since no bacteria were found, 
and which caused the cardiac failure and fatal outcome. It means 
that, although the local infection was suceessfulty controlled by antitoxin 
treatment, the myocardial damage already done bj’- the diphtheria toxin 
was not affected by it. In the absence of obstruction of the upper re- 
spiratoiy tract and of extensive pneumonia, the marked central con- 
gestion and atrophy of the liver indicate that heart failure was present, 
and this also -accounts for the congestion of the spleen and kidneys, the 
ascites, the hydrothorax, and the edema of the ankles and feet. 

With diphtheria infection, myocardial necrosis or parenchymatous 
myocarditis has been described, although the circulatory failure is not 
seldom ascribed- to vasomotor paralysis because actual myocardial dam- 
age is often morphologically not demonstrable. Since it is well known 
that, in the acute stage of diphtheria, deatli from circulatory failure 
is usually due to vasomotor paralysis, but that in the late stage or during 
convalescence it is usually caused by myocardial damage, lesions of the 
myocardium were to be expected in this ease because the patient died 
on the seventeenth day of the disease. 

However, a review of the literature (quoted in the appendix) reveals 
that the parenclymatous lesions most frequently found consist of fatty 
change, hyaline degeneration, and cloudy swelling, whereas true myo- 
cardial necrosis is comparatively rare, and that the lesions, except the 
fatty change, are usually focal and involve only portions of a myo- 
cardial fiber. Extensive, diffuse, myocardial necrosis such as was found 
in our case must, therefore, be considered unusual. The mural thrombo- 
sis observed in this case is also of infrequent occurrence, for relatively 
few authors among those reviewed (D’Espine and Mallet,®® Councilman, 
et al.,®® Thomas and HibbaixP and Aviragnet, et al.®®) have referred 
to it. It was evidentl}^ secondary to the endocarditis, which, in turn, 
is secondaiy to myocardial necrosis, for exactly the same sequence of 
events occurs in myocardial infarction. 

As to whether the extensiveness of tJie m^mcardial necrosis in our 
case was the result of a double infection with the beta streptoeoeeus and 
diphtheria bacillus one cannot be certain, because, in most cases of 
diphtheria, there is, at autopsy, secondary streptococcus infection in 
the upper respiratory tract, and because such extensive myocardial 
necrosis is even more unusual in toxic streptococcal infections, e.g., 
scarlet fever. 

The majority of authors consider the interstitial changes as a reac- 
tion to the parenchymatous lesion, and in our ease the inflammatoi^ 
cellular infiltration and connective tissue cell, proliferation were indee 
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Table I 

author 

JIYOCAKDIAL LESIONS FOUND 

Aviragnet, 
Lutembaelier and 

Le Soudier25 

Parenchyma: Atrophy, swelling, vacuolation, loss of striation, 
fragmentation, and a variety of nuclear changes (including 
karyorrhexis and karj'olysis) ; no fatty change. Changes 
found throughout myocardium, but especially marked in re- 
gion of the bundle. Endocarditis and thrombosis purely sec- 
ondary and incidental. 

Interstitial tissue: Edema, leucocytes, mononuclears, and pro- 
liferation of fibroblasts. 

Boyd'S^ 

Parenchyma: Acute toxic degeneration of muscle fibers, with 
swelling, granular appearance, loss of striations, hj'aline de- 
generation, and necrosis. Only parts of a fiber involved. 

Interstitial tissue: Secondary inflammation, phagocjdic and 
reparatory in nature. 

Bouclmt,'i3 and 
Labadie-Lagravei^ 

Parenchyma: Patty change frequent; waxy and granular de- 
generation rare. 

Councilman, et al.23 

Parenchyma: In early stage, fatty degeneration either gen- 
eral or focal, and of varying degree. Then swelling and 
breaking up into hyaline masses. Vacuolation; fragmenta- 
tion. 

No bacteria found. Lesion of toxic nature. Thrombosis not 
an uncommon condition, and secondary to myocardial necrosis. 

Interstitial tissue: (1) Focal collections of plasma and 
lymphoid cells — independent of myocardial changes. (2) 
Proliferation of connective tissue cells (secondary to destruc- 
tion of myocardial fibers. (Some cases of extensive fibrosis, 
so-called “fibrous myocarditis,” of this etiology.) 

D’Espine and 

Mallet38 

Parenchyma : Mural thrombi on auricular and ventricular 
walls; parenchymatous myocarditis. 

Donnerstag3o 

Parenchyma: Focal or diffuse fatty change; focal myolysis. 

Interstitial tissue: Interstitial inflammation sometimes found 
in late stage of myolj'sis ; connective tissue cell proliferation, 
with scar formation, seen from beginning of third week of 
illness. 

Earr32 

Parenchj'ma: Focal waxy degeneration; focal round cell in- 
filtration of sinoauricular node and bundle of His: wide- 
spread myocardial degeneration; fatty change; true myo- 
carditis found once. 

Flemming and 
Kennedy29 

Parenchyma: S-A node and first portion of A-V bundle 
showed round cell infiltration, congested capillaries, a few 
large mononuclears, and some polymorphonuelears. Similar 
changes in auricular and ventricular myocardium. 

Guttman^s 

Parenchyma: Cloudiness or turbidity. 

Interstitial tissue: Interstitial changes never found. 

Heclit^o 

Parenchyma: Patty change and cloudy swelling. 

Interstitial tissue: Bound cell infiltration. 

HelleHi 

Parenchynna : Granular degeneration commoner than fatty 
change; waxy degeneration also common, particularly in late 
stages; simple necrosis of portions of muscle fibers; perimj'- 
sial tubes filled with detritus of dead muscle substance, 
leucocytes, and myogenic cells; evidence of muscle regenera- 
tion found. 

Interstitial tissue: Interstitial reparative reaction. 

HessciT 

Parenchyma: Albuminous and fatty degeneration (more 
marked in early stage). 

Interstitial tissue: Interstitial myocarditis in late stage (due 
to changes in blood vessel walls) ; proliferation of connec- 
tive tissue cells. 

Hochhausii 

Interstitial tissue: Interstitial myocarditis similar to inter- 
stitial myositis of fauces, pharjuix, and larjmx. 
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Table I — Cont’d 


AUTHOR 

M'S'OOARDIAL LESIONS FOUND 

Hoyne and 

Welford^s 

Parenchyma: ioxie parenchymatous degeneration; scattered 
hemorrhages in myo- and pericardium. 

Hugueninio 

Interstitial tissue: Connective tissue increased and infiltrated 
■with small round cells. Blood vessels show endarteritis pro- 
liferans. 

Hume and 

Cleggsi 

Parenchyma; Extreme diffuse fatty change. S-A node: con- 
gestion, hemorrhage, and lymphocytic infiltration. A-V node 
and bundle of His: capillary congestion. 

Irwin49 

P^encliyma: h'ocal or diffuse fatty degeneration; focal hya- 
line degeneration, or necrosis. 

Interstitial tissue: Endocarditis and pericarditis (usually due 
to streptococci) in less than 2% of cases. 

Leydens 

Parenchyma: Slight fatty degeneration. 

Interstitial tissue: Diffuse and overwhelming round cell in- 
filtration ia connective tissue and around blood vessels (car- 
diac failure in diphtheria due to interstitial inflammation); 

Loth2i 

Parenchyma: Mostly cloudy swelling and fatty change; acute 
myocarditis and myocardial necrosis exceptional. 

Nuzumsg 

Interstitial tissue: Eosinophilic infiltration. 

Oertelso 

Parenchyma: Advanced fatty change in cases of long dura- 
tion or great severity, with sudden death. 

Interstitial tissue: Hemorrhage and cellular infiltration. 

Oheimsi. S 2 

Parenchyma: Foci of waxy degeneration, myolysis, fatty 
change, calcification. 

Interstitial tissue: Edema; proliferation of connective tissue 
cells in areas of muscle destruction; perivascular leucocytic 
and lymphocytic infiltration. 

Osier and McOraess 

Parenchyma: Patty change in majority of cases; swelling 
and hyaline degeneration in advanced cases. 

Eabot and 

Philippes 

Interstitial tissue: Myocarditis always of interstitial type, 
frequently in the form of focal round cell infiltration. 

Rombergs^ 

Parenchyma: Focal fatty, hyaline, and albuminous degen- 
eration; transverse splitting (fragmentation). 

Bosenbachss 

Parenchyma: Intensive fatty, granular, and waxy degenera- 
tion. 

Scagliosiss 

Parenchyma: More or less diffuse fatty change; loss of stria- 
tions; hyaline and homogeneous appearance, and intense 
eosinophilic staining; granular and waxy degeneration; mus- 
cle nuclei swollen and increased in number. (Changes only 
focal, and never involving the entire length of a fiber.) Site 
of predilection: trabeculae carneae and the zone immediately 
beneath the endocardium. 

Interstitial tissue: Marked injection of blood vessels; scat- 
tered hemorrhages; round cell infiltration around the degen- 
erated muscle fibers (secondary or reactionary to paren- 
chymatous change, because not found around normal myo- 
cardial fibers) ; blood vessels showed increase number of 
nuclei in intima, swelling of endothelial cells, hyalinization 
of media, and slight, small, round cell infiltration of adven- 
titia. Fatty change of vessel wall not found. 

Schamschin57 

Interstitial tissue; Characteristic picture of interstitial myo- 
carditis; slight fatty degeneration of walls of small arteries; 
lumen of vessel fiUed with lymphocytes and phagocytes 
loaded with fat. 

Schemmss 

Parenchyma; Fatty change, granular and hyaline degencia 
tion; swelling; multiplication of nuclei. 

Tanaka34 

Parenchyma: Fatty change very common; fragmentation oc- 

Intei-stiti^ tissue; Polymorphonuclear, eosinophilic, and mono- 
nuclear infiltration. 
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Table I — Cont’d 


AUTHOR 

AIYOOARDIAL LESIONS FOUND 

Thomas and 

Hibbard^ 

Parenchyma: Small foci showing loss of cross striations, 
swelling, paling, homogeneous staining (Zenker’s degenera- 
tion), and vacuolation. Occasionally granular degeneration, 
atrophy of fibers and fragmentation, focal or extensive fatty 
change. Many fibers entirely destroyed. Lesion more marked 
just beneath endocardium; fresh thrombi adherent to myo- 
cardium. 

Interstitial tissue : Edema ; infiltration with lymphoc 3 des, large 
mononuclears, eosinophiles, leucocj'tes, plasma and epithelioid 
cells, in varying proportions. 

Veronese^ 

Parencliyma : Degeneration. 

Interstitial tissue: Bound cell infiltration. 

Vincents 

Interstitial tissue: Increase of sarcolemma nuclei, capillary 
hemorrhages, and periarteritis. 

Vulfius'*o 

Interstitial tissue: Groups of eosinophiles in connective tissue. 

Warthin26 

Parenchyma: Toxic parenchymatous degeneration, most fre- 
quently of liyaline nature; necrosis associated frequently 
with fatty infiltration; cloudy swelling; or a simple necrosis. 
Muscle regeneration obsenmd. The conducting as well as the 
contractile tissue may be aifected. (Histologic picture de- 
pends on duration and stage of disease.) 

Interstitial tissue: Reparative inflammatory process; fibrosis. 


limited to the areas where the myocardial fibers were undergoing necro- 
sis or had disappeared. On the other hand, an independent interstitial 
inflammation, iinassociated with a parenchymatous lesion, can certainlj’- 
occur in diphtheria as well as in other acute infections (e.g., scarlet 
fever), and has been reported by many authors quoted in the appendix. 

Review of the literature revealed two other points of interest: (1) 
that an eosinophilic myocarditis has been described by two authors 
(Nuzum,®® Vulfius),^® and (2) that three authors (Warthin,^® Anitsch- 
kow,^^ Heller^^) claimed to have observed regeneration of the myocardial 
fibers. 


APPENDIX 

(Review of the Lesions of the Myocardium in Diphtheria) 

The nature, severity, and site of the lesions of the myocardium in 
diphtheria, as reported in the literature, vary a great deal, and, for 
comparative study, may be tabulated (Table I). 
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TUBERCULOUS PERIPHERAL ARTERITIS ASSOCIATED WITH 
TUBERCULOUS THROMBOPHLEBITIS IN THE LUNGS 

William Neel, M.D., and Louis G. Herkmann, M.D. 
Cincinnati, Ohio 

T uberculous arteritis of large peripheral arteries has been ob- 
served infrequent^, whereas tuberculosis of the pulmonary vessels 
is probably present in ever^’- ease of pulmonary tuberculosis. Search of 
the literature discloses, however, that tuberculous thrombophlebitis of 
the pulmonary vessels of such magnitude as to give rise to large emboli 
and metastatic foci of tuberculous arteritis in the large arteries of the 
periphery is sufficiently rare to justify recording this case. 

The relationship between tuberculosis involving the vascular system 
and its generalized miliary dissemination was noted by Weigert,^ in 1877. 
In the process of tuberculous cavitation, the vessels lying in the walls are 
encroached upon by the granulation tissue. As the adventitia and media 
are replaced by granulation tissue, the intima become thickened. When 
the walls of the cavity and artery have fused, the vessel may bulge, 
giving rise to the aneurysm of Rasmussen. Occasionally, rupture leads 
to severe hemoptysis; this, however, is usually prevented by intravascu- 
lar thrombosis. Generalized miliary tuberculosis frequently results when 
a caseous process in a hilar lymph node erodes into the lumen of a pul- 
monary vein and discharges its infected contents into the blood stream. 

In 1913, Haythorn^ reported a case of tuberculous aneurysm involving 
the right common iliac artery. The patient was a man, aged 33 years. 
The clinical diagnosis was generalized miliary tuberculosis, chronic pul- 
monary and right-sided renal tuberculosis, tuberculous enteritis, an 
aortic aneurysm. At necropsy an aneurysm of the right common i lac 
artery was found; this aneurysm measured 7 cm. m breadth and 3 cm. 
in thickness. Its wall appeared to be continuous with the common iliac 
artery above, and with the internal iliac artery below. When the vess 
were opened, the aneurysm was found to involve only the common iliac 
artery^ The interior of the sac was almost filled with reddish-gray 
Sroitatic material which appeared caseous. Histology study showed 
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that the outer wall of the sae was continuous with the adventitia of the 
common iliac artery below. Great numbers of acid-fast bacilli were 
demonstrated in the wall of the aneurysm, and in miliary lesions in the 
kidney, lungs, spleen, and liver. Haytliorn^ believed that the tuberculous 
process in this case originated in some adjacent focus, and the direct 
invasion of the adventitia so weakened the circular muscle fibers of the 
media that thej'’ ruptured. The continued pressure of the blood pouring 
through the opening divided the inner layers of the media from the outer 
medial layers and adventitia, resiilting in a dissecting aneurysm. When 
the blood in the sac clotted, it became infected by the process in the 
adventitia. From this focus tubercle bacilli were disseminated through- 
out the blood stream. Haythorn- also classified the various kinds of 
tuberculous arterial lesions. He described them under four general 
types: (1) Miliary tuberculosis of the intima, (2) pob^pi of tuberculous 
tissue attached to the intima, (3) tuberculosis of the wall, involving all 
the layers, and (4) aneuiysms, the walls of which were composed of 
tuberculous tissue. 

In 1928, Malcolm^ reported an aneurysm caused bj’’ tuberculosis in 
a man, aged 72 years. The patient had a right-sided, indirect, inguinal 
hernia for which he had worn a truss for many years. He died twenty- 
four days after a painful swelling appeared suddenlj^ in the right thigh 
below Poupart’s ligament. Autopsy disclosed generalized miliary tu- 
berculosis, with a ruptured right femoral aneurysm caused by tubercu- 
lous arteritis. Hemorrhage was present about the right femoral artery. 
There was thrombosis of the femoral vein and its tributaries, as well as 
of the right femoral artery below the aneurysm. Microscopic examina- 
tion revealed engorgement of the vessels of the adventitia. Extensive 
necrosis was present in aU coats, with slight fibrous connective tissue 
proliferation. Giant cells were observed, but their character and loca- 
tion were not described. The acid-fast bacilli demonstrated in the media 
conformed to the size, shape, and staining reactions of the tubercle 
bacillus. 

Brenner,^ in 1935, indicated that tuberculous granulation tissue may 
extend along the liunen of a vessel for some distance before the wall be- 
comes invaded. The extension of the thrombophlebitis to a large intra- 
pulmonary vein results in a thrombus which is of sufficient size to give 
rise to embolism in peripheral arteries. 

In 1939, Thieme and Maddoek® described a case of “primary, tubercu- 
lous, peripheral vascular disease” in which no adjacent or other 
tuberculous processes were found, and no tubercle bacilli demonstrated. 

At least twenty eases of tuberculosis of peripheral arteries, associated 
with aneurysm, have been reported. In five of these cases neighboring 
tuberculous processes were described. For instance, Thompson® re- 
ported related tuberculous Ijrniph nodes. Broclonan’’ and Ribbert® found 
the diseased arterj^ in an area of tuberculous spondylitis. 



704 


THE AMERICAN HEART JOURNAL 


The process of tuberculous aneurysm formation was described by 
Eppinger as starting from embolic occlusion of one of the vasa vasorum, 
with resulting peri- and mesarteritis. When the elastica and adventitia 
are destroyed, the weakened vessel wall sacculates. Malcolm, who found 
organisms only in the media, believed that his case was one of the kind 
described by Eppinger.'’ Le Noble^'’ reported tuberculous nodules on the 
mitral valve, associated with peripheral arteritis and aneurysm. 

CASE REPORT 

A white woman, aged 21 years, was admitted to Cincinnati General Hospital on 
Sept. 13, 1939, because of marked dysphagia. The patient was in her sixth month 
of pregnancy. She had enjoyed good health until three months before admission, 
when she noticed the gradual onset of a moderately painful sore throat, followed 
by persistent hoarseness. The flow of saliva increased, and she frequently had nausea 
and vomiting. The act of swallowing became extremely painful, and frequently 
resulted in regurgitation of fluids into the nasopharynx. 

There was no history of contact with tuberculosis. In 1937 and 1938 the patient 
had had attacks of transitory, severe, sore throat. 

On physical examination the temperature by mouth was 103.4° F., the pulse 
rate, 128 per minute; the respiratory rate, 24 per minute; and the blood pressure, 
100/60. The pale, poorly nourished patient had a roughened voice. She appar- 
ently preferred to allow profuse, thin, watery saliva to drool from the mouth rather 
than experience the pain of swallowing. The moderately swollen, red tonsils were 
covered with grayish-white membranes. An irregularly outlined area of ulceration 
extended from the tonsils over the anterior pillars and soft palate. The pale red, 
granular, ulcer bases were covered with patchy grayish-white exudate. The true 
and false vocal cords were somewhat swollen. The large, firm breasts presented 
pigmentation of the areolae and contained colostrum. The symmetrical chest ex- 
panded only moderately on respiration. The right middle lobe and both upper lobes 
of the lungs were normal to percussion and auscultation. The lower lobes were 
consolidated. The abdomen was enlarged by the gra%dd uterus, which extended above 
the umbilicus. 

Throat cultures revealed the presence of hemolytic streptococci, colonies of 
Staphylococmis aimii'S, and many Gram-positive bacilli. The erythrocyte count was 
3,460,000 per cubic millimeter. The leucocyte count was 7,800 per cubic millimeter, 
and remained low. 

The condition of the patient became progressively worse, with elevation of the 
temperature, increasing dj'spnea, cyanosis, and profuse sweating. 

A 8:00 A.M. on the tenth hospital day there was a sudden onset of persistent, 
severe pain in the left foot. The foot promptly became cold. The patient soon 
complained of numbness and tingling in this foot. Eeddish-blue, livid mottling ap- 
peared on the dorsum of the third and fourth toes. The coldness extended from 
the foot to midcalf. No pulsation could be felt in the dorsalis pedis, posterior 
tibial, popliteal, and femoral arteries of the left leg. All of the normal pulses 
were present in the warm right leg. The diagnosis of acute embolic occlusion of 
the left femoral artery was made, and passive vascular exercise urns started seven- 
teen hours after the recognized onset of acute arterial occlusion. The method con- 
sisted of applying, alternately, a positive pressure of 60 mm. of mercury and a 
negative pressure of 20 mm. of mereur3^ twice a minute. The slow, rhythmic cycle 
was intended to overcome the intense arterial spasm set up by the arterial occlusion. 
As is usual when the patient is acutely ill, this treatment was somewhat tiresome. 
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Therefore, after two hours of treatment the foot was removed from the warm boot, 
wrapped in blankets, and allowed to rest for one hour. However, the respiratory 
rate rose to GS per minute; cyanosis increased; and profuse sweating and a fall 
in blood pressure to 70/40 appeared, kleanwhile, the reddish-blue mottling of the 
foot had extended to the ankle. After twenty-six hours, passive vascular exercise 
was discontinued because of the critical condition of the patient and the progi’ess 
of the arterial thrombosis in the proximal portion of the injured artery. 

The patient died on the sixteenth hospital day, and an immediate cesarean sec- 
tion was done. An apparently normal, premature, male infant was delivered, but 
died fourteen days later of lobular pneumonia. Careful post-mortem examination 
of the infant did not reveal evidence of tuberculosis. 

Necropsy on the mother showed generalized tuberculosis involving the lungs, 
liver, spleen, kidneys, suprarenals, intestine, breasts, placenta, tonsils, epiglottis, 
and vocal cords. Tliromboarteritis and thrombophlebitis of the lungs were asso- 
ciated with recent pulmonaiy infarction and embolic occlusion of the external iliac 
artery. 

The external iliac arterj' was distended throughout its entire extent, and its 
lumen was completely occluded by an adherent thrombus. The adventitia was dark 
blue, with irregularl}' mottled red areas. The clot in the lumen of the artery, 
in its most proximal and distal portion, had the character of a secondary red 
thrombus. The middle portion of the thrombus was white and firmly adherent. 

Cross sections of the vessel were made at various levels; these were studied 
microscopically. In relation to the red thrombus, the vessel wall showed little 
evidence of disease. However, sections through the white thrombus disclosed a 
definitely laminated clot, with areas of caseous necrosis, associated with acute 
inflammatory changes throughout the arterial wall. The endothelium was com- 
pletely destroyed. The intima was densely infiltrated with polymorphonuclear leu- 
cocytes and lymphocytes, many of which had undergone karyorrhexis and pyknosis. 
This process was often limited by the internal elastic lamella, but this was fre- 
quently fragmented by areas of caseous necrosis which extended into the media. 
Evident in the slightly congested adventitia were an extensive proliferative reaction 
of connective tissue and vascular endothelium and an infiltration of inflammatory 
cells, predominantly those belonging to the lymphoid and endothelial series. In 
occasional areas, however, the polymorphonuclear leucocytes were prominent. No 
foreign-body giant cells were observed in any of the sections of the artery. A 
small adjacent lymph node showed only rarefaction of the germinal centers, with 
proliferation of the reticulum. Acid-fast bacilli, which, in size, shape, and staining 
reactions, had the characteristics of tubercle bacilli, were demonstrated in the white 
thrombus, media, and adventitia, as well as in the generalized nodular lesions. 
No microorganisms were found in the nearby Ijmiph node. 

SUMMARY 

Tuberculous arteritis of large peripheral arteries is frequently asso- 
ciated -vvitli aneurysm. In two of the twenty reported eases acid-fast 
bacilli were demonstrated. 

A ease of tuberculous arteritis as the result of embolism from tubercu- 
lous thrombophlebitis of pulmonary veins is reported. No aneurysm 
was present. The lumen of the arteiy was filled with a caseous white 
thrombus, and there were areas of inflammation and caseous necrosis 
in the intima and media and proliferation of connective tissue and 
vascular endothelium, with infiltration of lymphocytes and epithelioid 



706 


THE AMERICAN HEART JOURNAL 


cells in the adventitia. No foreign-body giant cells were seen. Tubercle 
bacilli were demonstrated in the white thrombus, in the arterial Avail, 
and in the lesions of generalized miliary tuberculosis. 
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CORONAEY ARTERY THROIIBOSIS, WITH RECOVERY, IN A 
CASE OF THROMBOANGIITIS OBLITERANS 


Irving Greenfield, M.D. 

Brooklyn, N. Y. 

I N 1879, von WinhvateF reported occlusion of the arteries of both 
lower extremities by a chronic proliferative process arising from the 
intima of the vessels. Microscopic sections of these vessels showed an 
inflammatorj'- reaction in their walls. This lesion was called endarteritis 
obliterans. Thereafter, occasional reports appeared describing similar 
pathologic processes. Buerger^ called attention to the thrombotic and 
inflammatory nature of the process, the involvement of veins as well as 
arteries, and the characteristic clinical phenomena of the disease which 
now bears his name. From a review of the literature, one is impressed 
with the fact that thromboangiitis obliterans is not a rare disease. Aver- 
buek and Silbert® and Cohen and Barron^ have noted that thrombo- 
angiitis obliterans is not restricted to the vessels of the extremities. 
The literature is rich in clinical, pathologic, and experimental data 
dealing with the various types of coronary artery thromboses. However, 
there is a paucity of reports concerning the occurrence of coronary 
thrombosis in cases of thromboangiitis obliterans. 

CASE REPORT 

A. S., a 40-year-old man, was first seen in September, 1935, when he was complain- 
ing of pain in the left large toe of one year’s duration. During the preceding winter 
he noticed that he was much more sensitive to cold than he had been previously, 
and for eight months he had had an ulcer on the left large toe which did not respond 
to a variety of self -prescribed ointments. He slept poorly because of the burning 
pain. The patient admitted smoking thirty to forty cigarettes daily, and, for many 
years, he had eaten four to five slices of rye bread daily. The remainder of his 
history was noncontributory except for the fact that he had had gonorrhea when he 
was 19 years of age. 

The blood pressure was 124/80. At the tip of the left large toe there was an 
open ulcer which measured 0.5 by 0.25 inch and had undermined edges and a 
necrotic base. The extremities were cold to the touch below the level of the lower 
one-third of the leg. There was moderate cyanosis of both lower extremities on 
dependency, with a cyanotic rubor of the left large toe. There was marked pallor 
on elevation. The dorsalis pedis and posterior tibial pulsations were absent. The 
pulsation of the popliteal vessels was easily palpated. The maximum oscillometric 
readings at the levels indicated are given in Table I. Roentgenologic examination 
of the lower extremities showed no evidence of calcification of the vessel walls. 
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The patient was advised to stop smoking cigarettes and eating rye bread was 
Histructed concerning exercises and hygiene of his extremities, and was given two 
intraamnous injections of typhoid vaccine. He had a rather severe reaction after 
each injection and refused to return for further therapy. 


Table I 


MASIJIUH OsCILLOSrETRIC Eeadings 



“fia. /7, 1*?^ i 


Pigr. 1. — Electrocardiograms taken Jan. 5, 1939, and Jan. 17, 1939, showing eleva- 
tion of R-Ts and R-Ta, wdth inversion of Ta and Ta. Lead lyP shows no change except 
that Sj in the second electrocardiogram is not so deep as in the first. 

Tlie patient was not seen again until March, 193S, when lie returned with an open 
ulcer on the plantar surface of the right foot; the ulcer had been present for three 
weeks. The interval history revealed the fact that tlie ulcer on tlie left large toe 
had healed, and the patient had been able to walk about ten blocks ivithout dis- 
comfort. He stated that he felt so well that he had even begun to smoke cigarettes 
again! . After he started to smoke,- his claudication distance gradually grew shorter 
and shorter, so that, on his second admission, he was able to walk only one-half block 
before pain forced him to. stop. At this time he had marked rubor on dependency, 
trophic changes in all of the toenails, and cadaveric pallor on elevation. There was 
an ulcer measuring about % by % inch on the" plantar surface of the right foot at 
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the head of the third metatarsal bone. Oscillonietric studies revealed essentially 
the same readings as on tlie first examination. He received a course of typhoid H 
antigen injections. The ulcer healed in three months. While he was under observa- 
tion, the patient did not smoke. 



Fig. 2. — Electrocardiogram taken Jan. 30, 1939, showing- ventricular premature con- 
tractions in Lead III. 

The patient was not seen again until Jan. 2, 1939, when, after exertion incident 
to lifting and adjusting snowplows to trucks, he was seized with sudden, severe, 
precordial pain which radiated to the neck and jaw and down both arms. He com- 
plained of feeling nauseated, but he did not vomit. He rested for about one-half 
hour, and then completed his day’s work. He went home and remained in bed for 
forty-eight hours. The pains were thought to be gas pains. He then returned to 
work and shoveled coal into a furnace. While doing this he was seized again with 
precordial distress which was more severe. He was nauseated but did not vomit. He 
began to perspire freely and felt weak. He had a fear of impending dissolution. 
He went home and was examined immediately. His expression was a' mixture of 
fear and anxiety. He had circumoral pallor; his lips were cyanotic;- and his respira- 
tions were rapid. His blood pressure was 90/70, and his temperature, 99.2° F. The 
heart tones were lieard with ditfieulty. There was no friction rub. The pulse rate 
was 120 per minute. The edge of the liver was palpable 1.5 fingerbreadths below the 
costal margin; it was soft and tender. The spleen was not enlarged. No pulsation 
could be felt in the major vessels of the lower extremities. TJie nail beds were 
cyanotic. An electrocardiogram taken Jan. 6, 1940, revealed the T^-T, tj'pe (Fig. 1) 
of changes which are tj'pical of posterior wall infarction. The sedimentation rate 
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was rapid (17 mm. in one hour). The leucocyte count was 11,000, 78 per cent of 
which were polymorphonuclears, and lus temperature rose to 101° F. His precordial 
distress subsided, and the temperature, sedimentation rate, and leucocyte count re- 
turned to normal. About twenty-seven days after the occlusion the pulse became 
somewhat irregular; this irregularity was caused by frequent ventricular premature 
contractions, as shoivn by an electrocardiogram (Fig. 2). 

The patient made an uneventful recovery. A follow-up examination (June, 1940) 
revealed no further advance in the vascular process, either in the extremities or in 
the coronary vessels. He has given up smoking completely, and he is able to work 
eight hours daily at laborious tasks. 

The protocol of a 44-year-old man who died from thromboangiitis 
obliterans of the left common iliac artery, with extension into the aorta 
as far as the left renal artery, was recorded by Perla.® An organized, 
canalized thrombus almost completely occluding the lumen of the left 
coronary artery 1.5 cm. from its aortic orifice was found. The pathologic 
process in this coronary artery resembled that in the diseased vessels 
of the extremities. Barron and LinenthaP observed coronary throm- 
bosis in one of twenty-seven cases of thromboangiitis obliterans which 
they collected. These authors noted that the disease involves the walls 
of arteries, as well as veins, throughout the entire vascular system. 
Myocardial damage which Samuels and Feinberg^ attributed to in- 
volvement of the coronary arteries by thromboangiitis obliterans was 
noted in five of their fifty cases. Allen and WiUius® observed clinical 
evidence of disease of the coronary arteries in seven of a series of 225 
unselected cases of thromboangiitis obliterans. Six patients had definite 
electrocardiographic evidence of involvement of the coronary arteries. 
The remaining electrocardiogram was normal, in spite of 'the fact that 
the patient was a 47-year-old man who complained of choking sensa- 
tions, severe pain across the anterior, lower part of the chest and down 
both arms, and dyspnea on exertion. 

Patherree and Hines® reviewed forty cases from the literature. The 
diagnostic criteria for thromboangiitis obliterans were adequate and 
the cause of death was established by necropsy. In three of the nine 
eases in which death occurred after operation, and, in twenty -three in 
which death did not follow operation, occlusive arterial disease in loca- 
tions other than the extremities played a dominant role as a cause of 
death. Ten of the twenty-three nonpostoperative deaths were caused by 
coronary thrombosis. An analysis of the data led these authoi’s to the 
conclusion that by far the most common extraperipheral cause of death 
in eases of Buerger’s disease is coronary thrombosis. However, Allen 
and Willius® observed that the incidence of eoronaiy artery disease in 
cases of known thromboangiitis obliterans was no greater than in a 
control group. 

A prolonged discussion of Buerger ’s disease or coronary artery throm- 
bosis is not necessary here. Speculation as to the relationship of the 
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attack of coronary artery occlusion to the present conception of the 
universal nature of the vascular involvement in Buerger’s disease is of 
interest. The occurrence of coronary artery thrombosis after unusual 
effort has been discussed by Boas.^” The idea that thromboangiitis 
obliterans is a generalized vascular disease, rather than a disease in- 
volving only the vessels of the lower extremities, has been accepted. 

SUMMARY 

A case of coronary artery thrombosis, with recovery, in a 40-year-old 
man with known thromboangiitis obliterans is reported. 
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Katz, L, N., Jochim, K., Lindner, E., and Landowne, M.: The Effect of Varying 

Eesistance-Load and Input-Load on the Energetics of the Surviving Mammalian 

Heart. Am. J. Physiol. ISd: 636, 1941. 

A method is described for obtaining a true mixed coronary venous blood sample 
in the heart-lung or isolated heart preparation of the dog, and for calculating the 
true oxygen consumption of the heart. 

Measurements of oxj^gen consumption and vmrk of the heart preparation in- 
dicate that the increase in oxj^gen consumption consequent upon an increase in 
work depends not only upon the magnitude of the work increase, but also on 
whether the augmented work is produced bj’’ raising (1) the venous return or (2) 
the peripheral resistance. In the former case the increase in oxygen consumption 
is proportionally less than in the latter, so that a given amount of work is done 
more efficiently with a large venous return and a low peripheral resistance than 
the same amount of work done with a low venous return and a high peripheral 
resistance. 

Authors. 

Weltz, G. A.; Effect of Respiration on Filling and Rate of Heart. Arch. f. 

Kreislaufforsch. 8: 1, 1941. 

By means of roentgenkymography, electrocardiograms, pneumotachygrams and 
plethysmography of the limb on human and on animal subjects, an investigation of 
effects of respiration were made. It was found that there is a respiratory fluctuation 
in the venous return to the lieart, which normally consisted of an increase in inspira- 
tion. This is associated with a reflex pulse acceleration. Under certain abnormal 
circumstances, such as artificial respiration, the inspiratory increase in venous flow 
to the heart is decreased and with it there is a cardiac sloAving instead of an 
acceleration in inspiration. 

Katz. 


Starr, I.: Clinical Studies With the Ballistocardiograph; In Congestive Failure, 
on Digitalis Action, on Changes in Ballistic Form, and in Certain Acute Experi- 
ments. Am. J. M. Sc. 202: 469, 1941. 


Tliis presentation is designed to demonstrate the utility of the ballistocaidio 
gram as an instrument of the diagnosis of cardiac and ciiculatorj abnormal} 
and for the solution of certain clinical problems. Records are presented indicating 
changes in the circulation in congestive heart failure and on recovery from it, during 
digitalis action, and in various arrhythmias in one patient. 

The method is suited especially for acute clinical experiments. The examples cited 
include ballistocardiograms from a case of traumatic arteriovenous communication 
before and during occlusion of the communication and similar records from a patient 
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with angina pectoris in whom pain was produced by tlie injection of fluid down a 
drainage tube into the common bile duct. 

Changes in the form of the ballistic record provide evidence of cardiac dysfunc- 
tion of a tj'pe not obtainable by other methods. The examples cited were obtained 
from three patients in whom the abnormality followed operative procedures and dis- 
appeared as strength was regained. 

Author. 

Baer, S., and Isard, H. J.: A Correlation of the Velocity of Blood Flow and the 

Basal Metabolic Rate in Various Metabolic Disorders, Arch. Int. Med. 67: 939, 

1941. 

An attempt has been made to determine what correlation, if any, existed between 
the basal metabolic rate and the velocity of blood flow. Basal metabolic rates and 
circulation times were determined in 187 patients. After the injection of 4 c.c. of a 
20 per cent solution of 'calcium gluconate intravenously, the circulation time was 
measured from the instant the injection was begun until the patient noticed a 
sensation of heat in the oropharjmx. 

In 227 trials, the normal arm-to-tongue time varied from nine to sixteen seconds, 
with an average of 12.1 seconds. In twent 3 '-four patients with hyperthj’roidism, the 
average circulation time was 8.9 seconds, and in lij’pothj’roidism the circulation 
time was usuallj^ prolonged bej'ond sixteen seconds. Thus, the velocitj' of • blood 
flow is increased in hj'perthyroidism and decreased in hj’pothj-roidism. 

In cases of polyglandular dystrophy however, or those patients with menopausal 
sjTidromes and hjT)ertension, the calcium gluconate circulation time bears no relation 
whatsoever to the B.M.R. . In children, irrespective of the basal metabolic rate, the 
velocity of blood flow is increased. 

The authors feel that the determination of the velocity of blood flow may be of 
some help in the diagnosis of tliju-oid gland disturbances. A basal metabolic rate 
of plus 20 or above and an arm-to-tongue circulation time of ten seconds or below 
are strongly suggestive of active hyperthjToidism. 

Author. 

Moe,. Gordon K., Harris, A. S., and "Wiggers, C. J.: Analysis of the Initiation of 

Fibrillation by Blectrographic Studies. Am. J. Phj-siol. 143: 473, 1941. 

The mechanism by which ventricular fibrillation develops as a result of a strong, 
brief D. C. shock delivered during the vulnerable period of the ventricular cjxle was 
studied electrographically. Three pairs of contiguous electrodes operating on the 
principle of Garten differential electrodes were variously' oriented on the ventricular 
surface with respect to the site of stimulation in different tests on the same heart. 
Since the ventricles were repeatedly revived by the countershock method of Hooker, 
the ventricular surface was sampled reasonably well by changing the placement of 
electrodes. 

The following results and conclusions are discussed. 

A moderatelj* strong, brief shock applied considerablj^ before the T wave of an 
electrogram recorded^ at, or near, the point of stimulation causes one response shortlj' 
after the T wave. Tests are presented which indicate that the response is probabl}" 
not due to an actual systolic excitation but to the creation in tissue of a decrementing 
polarization potential which is sufficient in duration and intensitj’ to excite earlj' in 
the next relatively refractor}’- phase. In this way the response of the ventricle to a 
systolic shock can be harmonized with the existence of a refractory state in muscle 
fractions. It also explains why the latency of responses at definite points on the 
cardiac surface remains constant for shocks applied at any moment of diastole, but 
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increases linearly as they are applied more and more in advance of the T M^ave of a 
local electrogram. ^ No evidence has been found in the dog’s heart that changes 
in conduction are involved in such increasing latency; the interpunctal differences 
between excitation lines remain the same, regardless of when the stimulus is intro- 
duced. 

A very strong shock applied to a discrete mass of ventricular muscle during the 
Q-T interval of an adjacent electrogram evokes a series of deflections in all electro- 
grams led from the cardiac surface. This may be followed by a pause and resump- 
tion of normal rhythm or by fibrillation. When the latter occurs, it develops in the 
nearest surface lead slightly before it does in the others. 

The series of discrete deflections recur at progressively decreasing intervals in 
the most proximal lead, and the excitation times more distant in relation to proximal 
points increase progressively during the series of responses. 

The order of excitation on the surface and interior of the ventricle during the 
second, third, and fourth responses and the existence of a period between beats when 
no area is excited do not support the view that the initial beats are due to re-entry 
of impulses. On the contrary, the concentric arrangement of isochrons calculated 
from actual records strongly suggests repetitive emission of several impulses from 
the stimulated area, temporarily made automatic by the shock. 

Deflections similar in form and sequence in near and far areas of the heart could 
be caused artificially by applying a series of weak threshold break induction shocks 
at slightly diminishing intervals. If given in proper sequence, these also cause 
fibrillation. 

The conclusion is drawn that the re-entry of impulses, with wluch fibrillation fol- 
lowing localized application of a strong, brief D. C. shock starts, is due to the pro- 
gressive decrease in refractory period combined with a progressive increase in con- 
duction time. This starts in regions near the site of stimulation and occurs as a 
result of the repetitive accelerating discharges rather than as an effect of the current 
per se. In short, wliile repetitive discharges from a center or centers are not re- 
quired to sustain fibrillation, they are essential to its initiation after a strong elec- 
trical shock. 

Authors. 

Wiggers, C. J.: The Mechanisms of Peripheral Circulatory Failure. Ann. Int. 

Med. 15: 178, 1941, 

In this brief discussion the author reviews the fundamental factors involved in 
peripheral circulatory failure. He discusses the four mechanisms which have been 
suggested and can be supported by experimental evidence. They are (1) primary 
arteriolar dilatation, (2) primary arteriolar constriction, (3) primary atony and 
dilatation of capillaries and (4) primary failure of some venopressor mechanism. 

It is obvious that this problem is still worthy of investigation and that the 
answer has not yet been found to the many questions involved. 

McCuLiucH. 

Pouts, P. J., Corcoran, A. C., and Page, I. H.: Observations on the Clinical and 

Functional Course of Nephrotoxic Nephritis in Dogs, Am. J. M. Sc. 201: 313, 

1941. 

Nephrotoxic nephritis due to injection of relative organ-specific nephrotoxic 
sera in dogs is at its onset associated with increased renal blood flow and decreased 
eflSciency of glomerular filtration. 

The decrease of glomerular efficiency is apparently due to thickening of the 
glomerular basement membrane. TMs functional alteration persists during t e course 
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of active nephritis. Its presence is indicated by an increase in tlie ratio of phenol 
red to inulin clearance. 

The hematuria which is observed at the onset of nephrotoxic nephritis in the dog 
and during the persistence of severe chronic nephritis is apparently not related to 
hemolytic or anaphylactic reactions wliich may follow the injection of sera. 

Although the acute anemia which followed injection of nephrotoxic sera in dogs 
is due to hemolytic factors present in the sera, the course of the anemia subsequent 
to the development of nephritis suggests that depression of bone marrow activity 
is present during the persistence of severe renal disease. 

Authors. 

Boyd, L. J., and Scberf, D.: The Electrocardiogram in Acute Emetine Intoxication. 

J. Pharmacol. & Exper. Therap. 71: 362, 1941. 

The alterations of the electrocardiogram after the intravenous administration of 
emetine hydrochloride were studied in dogs and cats. 

Disturbance of intraventricular conduction is the most common change observed 
under these circumstances. Bradycardia and prolongation of atrioventricular 
conduction time develop regularly^ but they are not pronounced. 

If the intravenous dose does not exceed 37 mg. in dogs weighing 5 to 9 kg., the 
electrocardiographic alterations gradually disappear within forty-five minutes. 
Cardiac dilatation, especially involving the right ventricle, the development of which 
is simultaneous with the ventricular conduction disturbances, also vanishes within 
the same period. 

The action of emetine is cumulative since much more pronounced effects result 
from the second or third injection of an equal amount of the drug although the 
normal electrocardiogram has been restored. 

The most common arrhythmias to develop are auricular extrasystoles and auricu- 
lar tachycardias. Alternation of the ventricular complexes is frequently observed 
during the tachycardia. Advanced stages of intoxication are required for the pro- 
duction of ventricular extrasystoles. Heart block with dropped beats was en- 
countered only in cats. 

Authors. 

Campbell, H. E,: The Statistical Method. A Vital Tool in Clinical Medicine. 

Surgery 9: 825, 1941. 

Clinicians have almost entirely neglected criteria of statistical analysis in their 
scientific writings. The many contradictory teachings and controversial practices 
originate in part in this neglect of well-recognized statistical procedure. 

We have described in detail the derivation and application of the simpler formulas 
as they relate to percentages. With a little thought every doctor can master this 
technique and apply it in a very few minutes to medical papers which utilize per- 
centages in their conclusions. 

As presented now, most ease series are too brief for sound conclusions. Publica- 
tion should be withheld until longer series are amassed. A standard classification in 
such diseases as are now the center of controversy would enable short series to be 
combined and aUow reliable conclusions to emerge. 

Medical students should receive formal education in statistical procedure. Medical 
editors should demand of medical authors that their figures and data be statistically 
sound. 


Author. 
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Synopsis of Diseases of the HeaUt and AuTEraES: By George E. Herrmann, 

M.D., Professor of Medicine, University of Texas. Tlie C. V. Mosby Co., St. Louis, 

1941, Ed. 2, 468 pages, 91 illustrations, .$5.00. 

Those not familiar with the first edition of this book might easily be misled by 
the term '‘Synopsis'^ into expecting a small brochure containing a very brief 
tabular summary of the most important facts relating to cardiac and arterial disease. 
The book is small in format, and might easily fit in the pocket of an overcoat, 
but it contains 450 pages of text, whicli is equivalent to 300 or more pages of 
the standard octavo volumes. It is in fact a sjmopsis, but a very full and extensive 
one. 

To those engaged in study or practice in this field of medicine the autlior is well 
known for his many contributions to its advancement. To all such it is unnecessary 
to say that he speaks with the authority born of long experience as an investigator, 
teacher, professor of medicine, and consultant in active practice. This experience 
has fitted him admirably to survey the broad field of cardiovascular diseases and 
sift out of the formidable mass of material that which is really important and 
useful for advanced students and practitioners. The first edition of the book 
seemed to this reviewer the best summary of the subject that had ever appeared 
in English, and the present (second) edition fully sustains the splendid reputation 
of its predecessor. 

To read the volume through from beginning to end is to discover a fault that 
is probably inevitable in a book of this type, intended primarily for reference. 
There is a certain amount of repetition in the discussion of related topics which 
would not be apparent in reading a single section or chapter. The only other 
adverse criticism that I would offer is that more space is devoted to chronic cardiac 
valvular disease (with separate chapters on aortic, mitral, and tricuspid valvular 
disease) than seems warranted in view of the curi’ent belief that etiology and func- 
tional condition are vastly more important than structural lesions. 

There is no important aspect of cardiovascular disease that is omitted. The 
discussions are clear, comprehensive, authoritative, and up to date. If the author 
differs from other authorities in certain respects, it is almost invariably upon matters 
that are still unsettled, and his opinion may well be the correct one. 

The book is cordially commended to all who desire a brief, authoritative discussion 
of the diagnosis and treatment of. cardiovascular diseases. 

II. M. Marvin. 

Tour Heart; By Joseph M. Stein, M.D. Alliance Book Corporation, Hew York, 

1941, 240 pages, $2.75. 

This book is designed for the laity, and presents much worth-while information 
concerning the heart, its function, and the diseases to which it is subject. It is 
predominantly optimistic in its approach, and does not present the material in 
such a manner as to frighten the cardiac patient, but offers encouragement to those 
who follow the regime outlined. The suggestions on the mode of life, the mental 
attitude, occupations, and avocations, and tlie general regimen to be followed arc 
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helpful, but the book in no wa}' attempts to prescribe for the patient. The endeavor 
to create popular appeal -has led the author to a verbose and flowery presentation 
of some features in the earlj' chapters, but this style does not persist throughout. 

The implications which are made as to the effect of diseases of the teeth and 
tonsils on heart disease do not seem to be justified, and the relationship between 
angina pectoris and coronary artery disease is probably more close than is implied 
in the book. The results of surgical procedures on the heart do not yet justify the 
author’s optimistic reports, especially in respect to those designed to remedy the 
effects of coronary occlusion. The best and most important features are the 
advice and encouragement offered to those patients with early or mild cardiac 
disease. 


W. M. Fowler. 
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INTERMITTENT CLAUDICATION AS A RESULT OP ARTERIAL 
SPASM INDUCED BY WALKING 

William V. Leary,* M.D., and Edgar V. Allen, M.D. 
Rochester, Minn. 

T he syndrome of intermittent claudication as a result of arterial 
spasm alone lias been regarded as unlikely by most students of tbe 
peripheral circulation. With two exceptions, the existence of such a 
syndrome has been ignored almost entirelj’- in textbooks on vascular 
diseases and other medical writings. In 1922, Thomas,^ a Frenchman, 
wrote that a brief period of arterial spasm after muscular exercise was 
noted in some cases in which the circulation was otherwise normal and 
that this spasm was followed immediately by vascular dilatation. Pearl, ^ 
in 1937, reported six eases in which there were symptoms of arterial in- 
sufficiency caused by arterial spasm. In his cases, the onset of pain was 
definitely associated with acute ischemia of the feet and diminution or 
disappearance of pulsations in the arteries of the feet as a result of 
exercise. Relief of pain coincided with return of normal color of the 
skin and pulsations of the arteries. In all of the cases reported by 
Pearl, normal or nearly normal vasodilatation occurred as a result of 
anesthetization of peripheral nerves. There have been reports of other 
cases of intermittent claudication, with a normal vasodilatation response 
and normal pulsations in the peripheral arteries, but the authors fail to 
state whether or not pulsations in the arteries disappeared as a result 
of walking.®’ * VeaP has shown by arteriographic studies that inter- 
mittent claudication may affect patients whose large arteries are patent 
throughout their course and have normal lumens. He felt that the de- 
fect in the circulation which caused intermittent claudication was in the 
small arterial branches, which were few in number, irregularly dis- 
tributed, and considerably shorter than normal. We have ordinarily 
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considered this the explanation for the intermittent claudication -which 
affects patients whose circulation seemed normal during rest.® The syn- 
drome of intermittent claudication as a result of arterial spasm induced 
by exercise is unusual, for almost invariably exercise causes arterial dila- 
tation instead of spasm.®-® 

In the past year we have observed four patients who had this syn- 
drome. 

REPORT OF CASES 

Case 1. — A man, aged 44 years, first registered at the Clinic in 1935. At that 
time the patient complained primarily of epigastric distress suggestive of ulcer, 
but he also stated that for two jmars prior to registration he had noted a peculiar 
type of muscular exhaustion in the entire left leg wliich was precipitated by 
strenuous walking and promptly relieved by resting. Examination did not disclose 
evidence of neurologic disease, and the arteries of the lower extremities pulsated 
normally. Because of the mild character of the symptoms, further investigations 
were not made. 



The patient returned to the Clinic in 1939; he complained primarily of weakness 
which involved both legs and the trunk caudad to the level of ^ the third lumbar 
vertebra. The weakness was present only after walking approximately 100 yards 
(91 meters) and was so severe that he was forced to stop for about a minute; the 
weakness then would disappear completely. By slowing his pace, he was able to 
walk indefinitely. 

General physical examination disclosed nothing abnormal, with the exception 
of the peripheral circulation. The pulsations of the dorsalis pedis and posterior 
tibial arteries were normal when the patient was at rest. After exercise, pulsations 
in these arteries disappeared entirely, but reappeared about a minute after cessation 
of exercise. Wlien the patient was at rest, a systolic murmur was audible over the 
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lower portion of the abdomen; its maximal intensity was at the midline just below 
the umbilicus, and its maximal transmission was to the femoral arteries. After 
exercise, a thrill was palpable over these arteries. The results of oscillometric 
studies made just below the knees confirmed the clinical observations (Figs. 1 
and 2). Pulsations disappeared entirely after the patient walked up and dorni 
stairs rapidly for a minute; the return of pulsations corresponded roughly to the 
disappearance of symptoms. Surprisingly, the weakness of which he complained 
did not result from the exercise. Laboratorj' examination was essentially negative. 

As a result of an intravenous injection of 25,000,000 killed typhoid bacilli, 
the temperature of the skin of the toes of the right and left feet increased from 
25.2 to 34° C., and from 25.4 to 34.2° C., respectively. We consider that these 
increases in the temperature of skin as a result of fever induced by typhoid 
vaccine indicate a normal arterial circulation. When the patient still had fever 
and the temperature of the skin of the first toes was maximal, exercise induced 
arterial spasm. 



Minutes after exercise 

Fig. 2. — Case 1. Oscillometric deviations, taken above the ankle, of 6 units before 
exercise indicate normal arterial pulsations, and complete absence of oscillations im- 
mediately after exercise Indicate absence of arterial pulsations. The pulsations, how- 
ever, gradually returned to normal eight minutes after cessation of exercise. 

The patient returned to the Clinic in April, 1940. He stated that since his 
last examination he had had rather severe and constant lumbar backache; two 
attacks of severe pain had occurred suddenly in the lumbosacral region; this pain 
had been crampy in character and so severe that he had gone to bed. The first 
attack had lasted an hour, and the second one, ten days. 

Results of general physical examination were negative except for the circulation 
in the legs. Calcification of the abdominal aorta was evident roentgenologically. 
Pulsations were normal in the radial and ulnar arteries, moderately diminished in 
both femoral and the left popliteal arteries, greatly diminished in both posterior 
tibial and left dorsalis pedis arteries, and absent in the right popliteal and dorsalis 
pedis arteries. A systolic bruit was audible over the abdominal aorta. 

A tentative diagnosis of dissecting aneurysm of the abdominal aorta was made.e 
That such a condition might be present was suggested by the systolic murmur 
over the aorta in the lower portion of the abdomen, by the two attacks of severe 
pain, by occlusion of arteries of the legs which had not been occluded at the time 
of the first examination of the patient, and by the roentgenologic evidence of 
sclerosis of the abdominal aorta which was noted after the second examination. 
The presence or absence of dissecting aneurysm could be determined, of course, only 
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at Decropsy. Whatever the etiology of the spasm of the arteries of the lower 

extremities, the spasm unquestionably caused tlie syndrome of intermittent claudi- 
cation. 

Case 2.— A Jewish man, aged 32 years, was examined at the Clinic in January 
1940. The patient had had swelling of both legs during the live years prior to 
registration. This was the result of thrombosis of the inferior vena cava, whicli 
had occurred in the course of convalescence from pneumonia. In addition, inter- 
mittent claudication had been present in the right calf for five years and^n the 
left calf for two years. Walking 100 to 500 yards (91 to 462 meters) produced 
the distress, and rest relieved it in about a minute. It never occurred during rest 
or standing. 



Pig. 3. — Case 2. Oscillometric records taken above the ankle : upper record, normal 
arterial pulsations when the patient was at rest; lower record, almost complete ab- 
sence of arterial pulsations about one minute after cessation of exercise. 

On physical examination, an extensive collateral venous circulation that involved 
both lower extremities, the abdomen, and the thorax to a level 2 inches (5 cm.) 
above the nipple line was noted. The arteries of the lower extremities pulsated 
normally except tliat pulsations could not be felt in either dorsalis pedis artery. 
As a result of walking rapidly for about a minute, pulsations in the posterior 
tibial arteries disappeared, but returned to normal after about four minutes of 
rest. The results of routine laboratory study were negative except for serologic 
tests for syphilis, which were equivocal and rvere not regarded as significant. 
Boentgenologic examination of the thorax disclosed nothing abnormal. 

The results of oscillometric studies made .just above the ankles confirmed the 
clinical observation of diminished arterial pulsations as a result of walking (Fig. 
3). Walking caused the normal increase in pulsations in the region of the calf of 
the leg. Intramuscular injections of a complex pancreatic preparation (padutin) 
and the oral administi'ation of alcohol, alone or in combination with the apifiica- 
tion of a rubber bandage to the legs, were found to increase the distance the 
patient could walk before claudication occurred. The use of the rubber bandage 
alone had an opposite effect. The claudication was invariably accompanied by a 
definite absence of pulsation in the posterior tibial arteries, as ascertained by 
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palpation. Decreased oscillations were also invariably associated with the inter- 
mittent claudication, and, as the sjTnptoms disappeared with rest, the pulsations 
were found to return to normal. 

Case 3. — A man, aged 32 j'ears, registered at the Clinic in January, 1940. The 
patient complained chiefly of chronic venous insufiieiency which resulted from 
thrombophlebitis of the right leg after an appendectomy in 1931. He also com- 
plained of cramping distress of the right calf, which occurred after walking four 
or five blocks or on prolonged standing. The distress was relieved by resting 
for ten minutes and could be prevented by wearing a tight bandage on the calf. 
The distress was not characteristic of intermittent claudication; indeed, it seemed 
more probable that it was caused by the chronic venous insutficienc}’. However, 
if the patient walked, the pulsations in the right dorsalis pedis and posterior 
tibial arteries disappeared and could not be felt for about a minute after cessa- 
tion of exercise, whereas pulsations in the same arteries in the left leg were 
unchanged as a result of walking. 

Case 4. — A man, aged 60 years, registered at the Clinic in March, 1940. For 
fifteen years he had had rather mild, low back pain, with extension to both hips. 
Two years prior to examination the pain had become sharp and rather severe and 
had begun in both gluteal regions, with extension upward to the lumbar region 
and to both hips and thighs. The distress, which was associated with a pulling 

sensation in both calves, was produced only by walking and was relieved almost 

immediately on stopping. The results of general physical examination were 
negative except for abnormalities relative to the arteries of the legs. When the 
patient was at rest, all of the arteries pulsated normally. After walking, which 
produced pain, the skin of the left foot became pale and the veins collapsed. The 
right foot remained normal in these respects. When the feet were elevated, there 
was moderate pallor of the skin of the left foot, and, when the feet were dependent, 
normal color returned slowly to the left foot. A soft, blowing, systolic bruit was 

audible over the abdomen 2 to 3 cm. below the umbilicus. This bruit was well 

localized during rest, but after exercise it was transmitted to both femoral regions. 

Routine laboratory examinations of the blood and urine revealed no abnormali- 
ties. The lipoids in the blood, in milligrams per 100 c.c. of whole blood, were 
as follows: cholesterol, 235; cholesterol esters, 146; lecithin, 225; fatty acids, 376; 
and total lipoids, 611. Roentgenologic examination of the thorax revealed nothing 
abnormal; roentgenologic examination of the lumbar portion of the spinal column 
revealed hypertrophic changes and calcification of the abdominal aorta. When 
the patient rested in a room in which the temperature was 32.2° C., the tempera- 
ture of the skin of the first and third toes of the right foot increased to 35° C. 
and 34.4° C., respectively, and the temperatures of the first and third toes of the 
left foot were 33.9° C. and 33.2° C., respectively. These studies indicated im- 
paired circulation to the left foot. The results of examination with the oscillom- 
eter were normal for the right leg, both at rest and after exercise. Pulsations in 
the left calf were definitely diminished in periods of rest and after exercise were 
absent for approximately a minute. 


COMJIENT 

We feel that the distres.s of these four patients was the result of 
diminished blood flow to the extremities. The diminution of blood flow 
definitely resulted from spasm of arteries, but we cannot explain why 
spasm occurred, for the usual arterial response to exercise is arterial 
dilation. However, systolic bruits were heard over the abdominal aortas 
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in Cases 1 and 4. Since the discovery of the bruit in Case 1, one 
of us (Leary) has examined routinely all patients for its presence, with 
entirely negative results. It seems to ns, therefore, that such bruits in- 
dicate the presence of arterial disease. Roentgenograms of the ab- 
dominal aortas of these two patients revealed calcification. The simi- 
larity of the murmurs in Cases 1 and 4 to those produced by proved 
aneurysms was striking and caused us to suspect that such a lesion 
existed in each case. Since an aneurysm may cause interference witli 
peripheral blood flow, it may be concluded that the circulatory disturb- 
ance observed in these eases was caused bj'' an aneurysm, but just how 
such a disturbance is provoked remains unexplained. 

The other two patients had had tlirombophlebitis, and, at the time of 
examination at the Clinic, had chronic venous insufficiency. It occurred 
to us that venous obstruction might cause arterial spasm during exer- 
cise, but, when we had eight normal subjects run with the venous circula- 
tion obstructed by means of a tourniquet about the thigh, the pulsations 
in the arteries of the foot did not decrease or disappear. Also, one of us 
(Leaiy) studied the peripheral arterial pulsations, by means of an 
oscillometer, of twenty-five normal subjects and of eight patients who 
had chronic occlusive arterial diseases, both before and after exercise. 
In each ease the arterial pulsations remained unchanged or actually 
increased as a result of exercise. 

Acute thrombophlebitis occasionally causes absence of arterial pulsa- 
tions in the affected extremity as a result of arterial spasm provoked 
by phlebitis. This arterial spasm apparently results from proximity to 
inflammation or from extension of inflammation from a vein to an artery. 
Such arterial spasm is, however, transient, and, in our experience, lasts 
but a few hours at the most. It is probable, however, that the residue 
of acute thrombophlebitis produced a “reverse sensitivity” of the ar- 
teries in our two eases, so that they contracted, instead of dilated, when 
the patient exercised. As far as is known, this is a new observation 
relative to arterial spasm. The exact explanation, however, remains 
obscure, although the clinical facts are impressive. Intermittent claudi- 
cation can occur when patients ■walk because the arteries to the legs 
contract rather than dilate. This paradoxical reaction of arteries has, 
in our experience, indicated some disease of the arteries or veins. When- 
ever a patient relates a conclusive story of intermittent claudication, 
the physician must not exclude occlusive arterial disease as the cause 
of it because the arterial pulsations are normal, but he must suspect 
that the symptom of intermittent claudication is due to arterial spasm 
induced bj’" walking, and he must study the pulsations in the arteries, 
both before and after exercise. If he fails to find evidence of a para- 
doxical reaction of the arteries, he may then consider localized oblitera- 
tion of smaller arteries, as described by Yeal. 
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SYSTOLIC GALLOP RHYTHM 

Shigeaki Hinohara, M.D. 

Kyoto, Japan 

OINCE Cuffer and Barbillon^ first described systolic gallop rhythm, 
in 1887, other investigators have dealt with it. Systolic gallop 
rhythm is produced when an extra sound falls between the first and the 
second heart sounds. As to the extrasystolic sounds, various authors 
have included different sounds under this designation. 

Systolic gallop rhythm is divided into three classes, as follows: (1) 
so-called systolic gallop rhjdhm (Potain,- AVolferth and Margolies®), 
(2) sjmtolie click, and (3) systolic pericardial knock. 

Potain^ observed systolic gallop rhythm in cases of typhoid fever, 
typhoidlike influenza, and arteriosclerosis with aortic atheroma. He 
stated that the extra sound was heard best over the aortic area, and 
regarded it as an arterial phenomenon caused by diminished elasticity 
and tonicity of tlie aorta. He recognized systolic gallop rhythm solely 
by auscultation, but Wiedemann* and Wolferth and Margolies® obtained 
graphic records of systolic gallop rhythm, and established proof of its 
existence, as designated by Potain. 

According to Wolferth and Margolies,^ there are at least two types 
of systolic gallop sound, exclusive of various other types of sounds 
which may fall between the first and the second heart sounds, namely, 
aortic systolic gallop rhythm and apical systolic gallop rhythm; 
in the former the extra sound is heard best over the aortic area, as de- 
scribed by Potain^ and Pawinski,® and in the latter it is heard best over 
the apex. They stated that the extra sound in aortic systolic gallop 
rhythm is produced in the aorta, that is to say, it is caused by sudden 
cheeking of the distention of the aortic wall during systole or by impact 
of the aorta against sui-rounding structures at that instant. They recog- 
nized this kind of extra sound in cases of hypertensive cardiovascular 
disease, aortic insufficiencj’', and miliary tuberculosis. As to the apical 
s^^stolic sound, they stated that the impact of the cardiac apical region 
against the chest wall may be conceimed in the mechanism of its produc- 
tion. 

The character of the s.ystolic click is quite different from the systolic 
gallop sound mentioned above. It is a kind of crepitant noise of very 
short duration, and usually it is high pitched. Gallavardin'’ and Johns- 
ton" stated that the click is caused by tugging on pleuropericardial ad- 
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hesions during systole, and it was called by Lian and Deparis® “le 
claquement meso-systoliqne plenroperieardiqne.” This extra sound has 
no clinical significance and has nothing to do ivith organic heart dis- 
eases. According to Johnston," it is of maximnm intensity at or near 
the apex, and its loudness changes with respiration or shift of position. 

As to the extra sound which produces systolic gallop rhythm, there 
is another type, called the pericardial knock, which has many features 
in common with the sj^stolic click. Pericardial knock has been the sub- 
ject of research by various authors, including Rees and Hughes,® Smith,^® 
Munden,^^ and Lister.^® It is a short sound, and commonly louder than 
the click. This sound is heard occasionally after spontaneous left-sided 
pneumothorax, or during the therapeutic induction of left-sided pneumo- 
thorax. It is heard best at the apex and is infiueneed bj^ respiration and 
by position. According to Barnwell and Gi'eene,^® it is produced when 
a highly active heart Avhose movement is not limited or cushioned by 
lung tissue strikes either the chest wall or the diaphragm. 

We have been recording heart sounds during the past two years, and 
encountered ten cases of systolic gallop rhytlim of various t3^pes, as fol- 
lows : 

A. Three eases of s^'^stolic click (one patient had mitral disease; two 
had no cardiac disease). 

B. Two cases of sj^stolic pericardial knock (both patients were under 
observation during the induction of left-sided pneumothorax) . 

C. Four cases of so-called s.ystolic gallop rh^dhm (one patient had 
aortic insufficiency; two had mediastinal tumors; and one had a patent 
ductus arteriosus and combined mitral disease). 

D. One ease of auricular s^^stolic gallop i’h.ythm (sinoauricular block 
with nodal extrasystole). 

We shall here report onl.y the cases of s.ystolic gallop rhjThm in groups 
C and D. In group C it was proved that the gallop rhythm was caused 
by a mediastinal tumor in two eases. Moreover, it was shown that there 
ma3" be pulmonic s.ystolic gallop rh.ythm, as well as aoi’tic and apical 
systolic gallop rhythm. 

METHOD 

For the graphic registration of the heart sounds we employed Koizumi appa- 
ratus, which is an application of high frequency current. The apparatus consists of 
five components, namely, a microphone, an oscillator, a detector, an amplifier, and 
an oscillograph. As a microphone, the author used a round metal plate (diameter, 
3 cm.), insulated by a mica plate of the same size (thickness, 1 mm.) on one side; 
the metal plate was connected to the grid of the oscillator. This microphone is 
placed over the chest on its insulated side, and fixed by adhesive tape or a bandage. 
The microphone acts as the fixed plate of a condenser microphone, and the oscillating 
chest wall, which is earthed, acts as the oscillating plate of a condenser microphone. 
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Tims tlie change in electrical capacity between the fixed metal plate and the 
oscillating chest wall is received and magnified. 

The authoi-is inserted an adequate electrical filter into the circuit and caused 
the apparatus to be sensitive to either higher or lower frequency sounds as desired 
(Pig. 1). 



Pig. 1. — Diagram of the connection. 

Por recording the heart sounds through the esophagus, the following method 
was invented by the autlior.is Por a microphone an insulated piece of metal (length, 
1.5 cm.; diameter, 4 mm.) was fixed to the end of a rubber tube similar to a duodenal 
tube. The metal piece was connected to the grid of the oscillator of Koizumi’s 
apparatus by a fine wire through the tube. By having the patient swallow the 
microphone and fixing it at a certain heiglit we can record the oscillations of the 
esophageal wall as the heart sounds; the principle is the same as that of the con- 
denser microphone mentioned above. 

The heart sounds were always recorded in conjunction with Lead II of the electro- 
cardiogram, and the time markings were at :^oo second intervals. 


REPORT OF CASES 

Case 1.— R. S, was a 36-year-old woman with aortic insufficiency. She had had 
diphtheria at the age of 10 and rheumatic arthritis at the age of 15. 

The heart was moderately enlarged to the right and left. Over the aortic area, 
the base, and the apex, a systolic murmur and a blowing diastolic murmur were 
heard. A diastolic murmur followed the second aortic sound, and was maximum in 
intensity over the midsternal region. Moreover, an extra sound was heard between 
the first and the second heart sounds over the aortic area and at' the apex. A 
capillary pulsation was present. The blood pressure was 160/40. The e eetrocardio- 
gram showed left ventricular preponderance and evidence of myocardial damage 
(depressed S-T segment in Lead I). 

Pig 2 shows the heart sound tracings which were recorded over the aortic area. 
The extra sound (G) fell nearly midway between the first and second heart sounds, 
that is to say 0.23 second after the Q wave and O.IS second prior to the second heart 
Jounffi The tracing indicates that it is formed by two oscillations with a frequency 

of 50 per second. 

UAqr 2— M I was a 5S-year-old woman with a mediastinal tumor. She com- 
plaLd of cough, hoarseness, and edema of the upper half of her body. Ties 
symptoms began two months before her admission. 




Fig, 4 . — Case 3. Mediastinal tumor and pleuritis exsudativa sinistra. A was recorded before the withdrawal of the fluid- the systolic extra 
sound (inaudible), with low frequency, is recorded. B was recorded after the withdrawal of the fluid; no systolic gallop rhythm is shown. 
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Eoentgenologie examination of tJie cliest demonstrated a sliarplj demarcated 
nonpulsatile mass in the right hilus. The heart was normal in size, and was of the' 
dropped type. The aorta was markedly displaced to the left and upward by the 
mediastinal mass. The electrocardiogram showed depression of the S-T segment in 
Leads I and II and evidence of a drop heart. The blood pressure was 105/60. 
The sphygmogram revealed sclerosis of the radial artery. 

Over the aortic area a soft systolic murmur and a weak, systolic, extra sound were 
heard. The heart sounds were recorded over the aortic area and at the apex. 
Systolic gallop rhythm was shoum in both tracings. Eeferring to Fig. 3, the extra 
sound fell in the midsystolic phase, that is to say, 0.2 second after the Q wave and 
0.11 second prior to the second heart sound. The extra sound in Fig. 2 was formed 
by two oscillations of a frequency of 50 to 60 per second, but the extra sound re- 
corded over the apex was lower pitched, with a frequency of 30 to 40 per second, 
and it could not be recognized by auscultation. 

Case 3. — ^H. T. was a 24-year-old man ulth a mediastinal tumor. He had had 
a cough for a year, which was explained by a doctor as due to a mediastinal tumor. 
Eleven months later it was accompanied by pleuritis exsudativa sinistra. 

Physical examination prior to withdrawal of the pleural effusion showed that the 
apex impulse was not perceptible. The left border of cardiac dullness could not 
be located because of the pleural effusion on the left. The right border extended 
to the right margin of the sternum. The first and the second heart sounds, were 
pure. The blood pressure was 120/60. 

Physical examination after 1,000 c.c. of the pleural effusion had been removed 
showed that the left border of cardiac dullness was 2 cm. medial to the left nipple 
line, and that the right border was at the midsternal line. The first heart sound 
was somewhat muffled. The blood pressure was 120/40. 

The electrocardiogram revealed a tendency toward right ventricular preponderance 
and evidence of slight myocardial damage. Eoentgenologie e.xamination of the 
chest showed a mass in the mediastinum which was diagnosed as a mediastinal 
tumor. 

Heart sounds were recorded twice, that is, before (Pig. iA) and after (Fig. 
4E) removing the pleural effusion. In Fig. 4A an extra oscillation, with a frequency 
of 30 per second, is apparent between the first and second heart sound; it fell 0.18 
second after the Q wave and 0.12 second prior to the second heart sound. In Fig. 4B 
no extra sound was present in the systolic phase. 

Case 4. — ^K. Y. was a 16-year-old girl with a patent ductus arteriosus and com- 
bined mitral failure. 

The patient had complained of palpitation since her childhood. At the age of 
15 years she had rheumatic arthritis. For one month previous to entering the hos- 
pital she complained of palpitation and cough and was confined to her bed. 

The heart was greatly enlarged, and the apex impulse was thrusting and heaving 
in the sixth intercostal space 5 cm. to the left of the nipple line. The left border 
of cardiac dullness coincided with the apex beat. The right border of dullness nas 
just to the right of the sternum. In the pulmonic area, that is, in the second inter- 
costal space near the left of the sternum, abnormal dullness was recognized and 
pronounced thriEs were felt. Over the pulmonic area a midsystolic extra sound was 
heard, together "with a harsh systolic murmur and a weak diastolic murmur. The 
pulmonic second sound was accentuated. Over the apex a blowing systolic murmur, 
a low-pitched, rumbling, diastolic murmur, and a third heart sound were heard. 
Over the aortic and tricuspid areas and the base, systolic and diastolic murmurs, 
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decreasing in loudness, ■were heard. But no systolic extra sound was heard over any 
of the auscultatory areas except the pulmonic. When the aorta abdominalis was 
compressed forcibly with the hand, the pulmonic systolic murmur increased in loud- 
ness and the pulmonic second sound became more accentuated. Valsalva’s test was 
positive. 

Roentgenologic examination showed marked enlargement of the cardiac silhouette, 
both to the left and right, and marked prominence of the pulmonary are (Pig. 5). 
The electrocardiogram revealed right ventricular preponderance and evidence of 
coronary insufSciency. The blood pressure was 115/30. Physical exertion caused 
marked elevation of the maximum pressure and depression of the minimum pressure. 



Fig. 5. — Case 4. Roentgenogram taken at the time when the systolic extra sound 
was heard over the pulmonic area and the heart had been falling. Note the promi- 
nence of the pulmonary arc and enlargement of the heart to the left and right. 


In the lung there were moist rales. The liver was enlarged. The physical signs 
were thought to indicate that the patient was suffering from congestive heart failure 
caused by patency of the ductus arteriosus and combined mitral disease. 

Heart sounds were recorded over various auscultatory areas. Over the pulmonic 
area the systolic extra sound was conspicuous (Fig- 6). This extra' sound ■was 
formed of oscillations of a frequency of 132 per second, and it fell 0.19 second after 
the Q wave and 0.19 second prior to the second heart sound. 

The second examination was done a month later, when she had recovered from 
serious cardiac failure, but at this time no systolic gallop rhythm was demonstrated 
in the heart sound tracing. The roentgenogram revealed that the heart was slightly 
diminished in size, and that the pulmonary arc was not so conspicuously projected as 
at the first examination. 


NAI. 
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Case 5. — Y. S. was a 36-year-oia man with incomplete sinoauricular block and 
nodal extrasystoles. The pulse rate was 40. Except for bradycardia, he liad no 
complaint. 

The heart was normal in size and position. A moderately loud systolic murmur 
was heard over the apex and the base. The heart sound and murmurs varied in 
loudness. The electrocardiogram showed partial sinoauricular block, with nodal 
extrasystoles; there was erddence of myocardial damage, and the Q-T interval was 
prolonged to 0.49 second. The blood pressure was 140/70. 

The heart sounds were recorded through the esophagus, as well as over the pre- 
cordium. The esophageal heart sounds were obtained by placing the microphone 
in the esophagus at a distance of 33 cm. from the front teeth (Kg. 7B). The 
electrocardiogram revealed that the P wave was not uniform in its occurrence. Wlien 
sinoauricular conduction was prolonged, the P wave was retarded in its occurrence 
and the P-Q interval was shortened. When sinoauricular conduction was blocked, 
the P wave appeared late in the S-T segment because of nodal extrasystoles. 

Pig. 7B shows that the auricular sound corresponds to the P wave. IVlien the P 
wave preceded the Q wave, the auricular sound was recognized as a presystolic 
gallop sound; whereas, when the P wave occurred late in the S-T segment, the 
auricular sound was recognized as a systolic gallop sound. The auricular systolic 
gallop sound was transmitted to the precordium also (Fig. 7A), but it was not so 
conspicuous there as in the esophagus. 

DISCUSSION 

We have reported five cases of sj^stolie gallop rhythm of various types, 
exclusive of the systolic click and the sj''stolic pericardial laiock. Among 
them there were cases of gallop rhythm which was demonstrated solely 
in the sound tracings, and was not recognized by ascultation. 

As to the genesis of systolic gallop rhythm, Potain^ stated that it is 
caused by diminished elasticity and tonicity of the aortic wall. He be- 
lieved that the aortic distension occurred quicldy, but ceased suddenly, 
with tension and shock wliieh were responsible for the sound. His theory 
was supported by Wolferth and Margolies,^ who stated that systolic 
gallop rhythm, as described by Potain, was found in some eases of hyper- 
tensive cardiovascular disease or aortic insufficiency. 

The patient in Case 1 was suffering from aortic insufficiency, and this 
case may be properly said to belong to the type described by Potain and 
Wolferth and Margolies, liut in Cases 2 and 3 there was neither a 
valvular defect nor hypertensive cardiovascular disease. In Case 2 
there may have been sclerosis of the vascular system, but in Case 3 thoi e 
was no sign of arteriosclerosis. A mediastinal tumor was recognized in 
both cases. 

Koentgenologic examination in Case 2 revealed that the aortic arc was 
forced markedly to the upper left part of the heart by a tumor glowing 
in the mediastinum. We believe that in this case the extrasystolic soun 
was produced by the sudden checking of distention of the distorted 

aorta. 

In Case 3 systolic gallop rhythm was recognized in the tracing, but 
it could not be detected by auscultation because of the low frequency 
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and small amplitude. This extra sound disappeared after the pleural 
effusion was drained. In this ease, also, a mediastinal tumor was recog- 
nized in the roentgenogram. We believe that at the first examination 
.the mediastinal tumor and pleural effusion compressed the aorta and the 
heart in such a way that transmission of the aortic pulsation to the 
precordium was facilitated, thus causing a low and weak systolic extra 
sound. 

In Case 4 the patient had congestive heart failure. In this ease the 
systolic extra sound was heard over the pulmonic area onlj^ and solely 
during the period when the heart was extremely enlarged and de- 
compensated. The roentgenogram which was taken at the time when 
the systolic extra sound was present showed marked prominence of the 
pulmonary arc. The extra sound occurred 0.19 second after the Q wave 
and seemed to correspond with the aortic extra sound. From these 
observations we conclude that the pulmonic sj'stolic sound might be 
produced by sudden cheeking of the distending movement of the hj^per- 
tensive pulmonaiy artery, or b.y distention of the ductus arteriosus in 
the midsystolie phase. Wolferth and Margolies^ reported two types of 
systolic gallop rhythm, that is, aortic and apical, but the above case 
does not belong to either of them. It may be properly termed a type of 
pulmonic gallop rhythm. 

In Case 5 there was systolic gallop rhythm of an entirely different 
nature, which should be called auricular systolic gallop rhythm. The 
author has stated already^®’ that auricular contraction produces a 
low-pitched sound caused by oscillation of the auricular wall, in any 
phase of the cardiac cycle. This auricular sound is transmitted better 
to the esophagus than to the precordium. Fig. 5B sliows the heart sound 
tracmg which was obtained through the esophagus at a distance of 33 
cm. from the front teeth, where the left auricle is in contact with the 
esophageal wall. The auricular sound was clearly shown to correspond 
to the P wave. Systolic gallop rhythm was present onlj'- when the 
auricular contraction occurred in the midsystolie phase. The genesis of 
this auricular gallop rhjdhm is very different from that of any other 
types of systolic gallop rhythm hitherto described, and has nothing to 
do with the character or the movement of the aorta, or of the pulmonary 
artery. 

SUMMARY 

1. Five eases of various types of systolic gallop rhythm are reported, 
exclusive of the systolic click and the systolic pericardial knock. 

2. One ease of aortic insufficiency was regarded as belonging to com- 
mon type of systolic gallop rhythm described by Potain and Wolferth 
and Margolies. 

3. Two of the patients had mediastinal tumors. In one ease the 
s.Ystolic gallop sound was shown to be produced by displacement of 
the aorta by the tumor. In the other case the systolic gallop sound was 
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recorded only when the pleural effusion existed. The tumor and the 
effusion seemed to have something to do with the occurrence of the 
extra sound. 

4. In one ease of patent ductus arteriosus and combined mitral dis- 
ease, s 3 ^stolic gallop rhythm was present temporarily over the pulmonic 
area only. This extra sound appeared to be produced by the pulmonary 
artery or the ductus arteriosus. The author considers it a type of pul- 
monic gallop rhythm. 

5. One ease of systolic gallop rhythm of an entirely different type 
is reported. This gallop sound was caused by interposition of the auricu- 
lar contraction in the midsystolic phase, and it should be called an 
auricular systolic gallop rhythm. It was most conspicuous in records 
made from within the esophagus. 

The author wishes to express his thanks to Prof. T. Mashimo, Dr. M. Maekawa, 
and Dr. H. Koizumi for permission .to publish this report, and for their helpful 
criticism. 
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THE ESTIMATION OP CAEDIAC OUTPUT PROM BLOOD PRES- 
SURE AND PULSE WAVE VELOCITY MEASUREMENTS 
ON SUBJECTS WITH CARDIOVASCULAR DISEASE 

I. Cardiovascular Disease Other Than Aortic Regurgitation 

H. C. Bazett, M.D., L. B. Laplace, M.D., and J, C. Scott, Ph.D. 

Philadelphia, Pa. 

I N A PREVIOUS report from this laboratory,^ it was shown that the 
stroke volume of the heart may be calculated for normal subjects by 
means of empirical equations, utilizing data obtained from optical records 
of arterial pressure, pulse wave velocity, and shape of the pulse, together 
with assumed volumes for the larger arteries. Estimates of cardiac out- 
put which corresponded closely with those obtained bj'- the acetylene 
method were obtained on subjects of varying size and age and in the 
presence of physiologic variations in the cardiovascular system induced 
by meals,^ hot and cold baths,® and change of position.^ The present 
report is concerned with the estimation of cardiac output by this method 
on subjects with disease of the cardiovascular system other than aortic 
insufficiency. 

There is an obvious need for a method liy which the cardiac output 
may be ascertained mth safety and accuracy on very ill patients. 
Gasometric methods are often not usable in such cases. 

The method is based upon estimates of the pulse pressure and of the distensibility 
of the arterial system. An optical oscillogram is recorded from the upper arm, from 
which are obtained the lateral sj'stolic, dicrotic, and diastolic pressures. Splp-gmo- 
grams are recorded simultaneously from tlie subclavian, brachial, femoral, and 
dorsalis pedis arteries, together with a cardiogram from the upper sternum. From 
these records are obtained the pulse wave velocities from the heart to subclavian 
artery, subclavian to brachial artery, subclavian to femoral artery, and femoral to 
dorsalis pedis artery. From the sphygnrogram of the brachial pulse are calculated 
the duration of sj'stole and diastole* and (utilizing the blood pressure values ob- 
tained from the oscillogram) the mean pressure, not only in the whole cj’cle but 
also in its .systolic and diastolic phases. From the subject ’s age and surface area 

From the Departments of Physiologj- of the University of Pennsj'lvania and 
Hahnemann Medical College, and from the Philadelphia General Hospital. 
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‘The divisions actually used are made on an arbitrary basis. 
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Of the body the internal cross-sectional area of the ascending aorta is estimated 
(utilizing a graph based upon autopsy datai). Then where: 


V, 

Va 

M, 

Ma 

Z 

D 

s 

d 

v„ 

’^3 


Outflow from aorta in systole Q 

Outflow from aorta in diastole A 

Mean pressure in systole H 

Mean pressure in diastole V 

Dicrotic pressure V, 

Diastolic pressure V" 

Duration of systole 

Duration of diastole ^ 

P.W.V., heart to subclavian artery 
P.W.V., subclavian to brachial artery 
P.W.V., subclaidan to femoral artery 
P.W.V., subclavian to dorsalis artery 


Cross section of aorta 
Surface area of body 
Height of body in cm. 
Q X 0.12H 
Q X 0.15H 
A X 0.065H 
A X 0.34H 


( 1 ) 




_ 12.7 (V, V, 

~ 100 (v,^ + V/ 




(Z - D) 


( 2 ) 

(3) 


=: Vd s/d 


(M, - 20) 

(Ma - 20) 


Output per beat = V = Va + Vj 

Output per minute Output per beat x pulse rate 

_ , Output per minute 

Cardiac index = 

Surface area 


Tile data also permit quantitative evaluation of other factors in the 
cardiovascular system. 

1. Effective Peripheral Resistance . — Since the mean pressure is de- 
termined by the cardiac output and the effective resistance of the 
arterioles, if the first two are Imown, the arteriolar resistance may be 
expressed quantitatively, i.e., as the mean pressure divided by the 
cardiac index. For convenience, this value may be multiplied by 3, 
for, in so doing, the resultant value for normal young subjects is about 
100 (70 to 130). 

2. Effective Distensibility of the Vessels . — These measurements are" 
obtainable from the equations, for the latter depend upon an estimation 
of the distensibility of the vessels which takes into account the com- 
pensatory effect of the larger aortic capacity of the older subjects. The 
values are expressed as the absolute increase in ml. per mm. Hg increase 
in pressure per square meter of body surface. They are derived from 
equation (1) by omitting Z-D and dividing by the surface area. 

The data available on apparently normal subjects indicate that the 
effective distensibility of the aorta increases with age, until the age of 
about 40, as the result of enlargement of the aorta. Values of the order 
of 0.65 and 0.95 are reached; after the age of 40 or 50 these values 
decrease again, as changes in the walls of the vessels outbalance the 
effects of increased size. On the other hand, the effective distensibility 
of the peripheral vessels progressively decreases with advancing age 
in normal subjects. However, present data are inadequate for the estab- 
lishment of standards. 
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3. Work of the Left Ventricle . — Since the mean pressure during the 
period of systolic ejection is estimated, a more accurate calculation of the 
compression work of the left ventricle is possible. Normal values for the 
eompression work of the left ventricle in a man of average size may he 
eonsidered as about 4,150 Gm. cm. per beat per square meter, and about 
2.9 kilogram meters per minute per square meter. Some improvement 
can also be attained in the calculation of work done in developing 
kinetic energy. 

4. Time Relations of Ventricular Contraction . — Estimation of the 
pulse wave velocities requires determination of the beginning of ven- 
tricular expulsion. This point may be obtained with considerable ac- 
curacy, in our experience, by recording a cardiogram from the upper 
sternum. Such a cardiogram also affords criteria by which the duration 
of the various phases of cardiac contraction may be estimated. These 
liave additional interest when correlated with the electrocardiogram.® 

METHODS 

Estimates of cardiac output from blood pressures and pulse Avave 
velocities were made on fifteen subjects Avith abnormal cardiovascular 
systems, fourteen of Avhom Avere patients in the medical Avards of the 
Philadelphia General Hospital, and one of AA^liom Avas a medical student. 
The total number of observations Avas tAventy-four. On six of the sub- 
jects, estimates of the cardiac output by the acetylene method Avere also 
made, either immediately after or before the blood pressure measure- 
ments. On the other subjects similar estimates by the acetylene method 
AA^ere attempted, but the procedure proved to be beyond their capacity. 
The case histories of all subjects are outlined. 

In most cases the subjects were examined approximately two to three hours after 
a light breakfast, and after at least forty-five minutes ’ rest. Records of blood 
pressure and pulse wave velocity were made in the recumbent posture, unless a semi- 
recumbent posture was necessitated by orthopnea. The electrocardiogram was taken 
on a separate camera, and was synchronized by means of a signal which marked both 
records simultaneouslj". Measurements of vessel lengths for pulse wave velocity 
estimates were made with the subject completely recumbent. No allowance was 
made for tortuosities. The cardiac output was expressed in relation to the subject’s 
contemporary surface area, as estimated from his weight. On the other hand, the 
volumes of the vessels were estimated from the subject’s normal, rather than con- 
temporary, weight. The difference between the two weights was due to recent 
changes, usually either edema or wasting. 

Por acetylene estimates a mixture was used which contained a Iiigh oxygen per- 
centage (usually over 14 per cent in the final sample after rebreathing) and an 
initial concentration of about 3 per cent of CO,. Three samples were taken for 
analysis, usually after eighteen, twenty-four, and twenty-nine seconds of rebreathing 
in the more ill subjects who were incapable of deep breathing. Oxygen consump- 
tion was measured in a valveless Sanborn machine. 
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CASE REPORTS 

Case 1. — A male, aged 17 years, had secondarj' anemia, but no organic heart dis- 
ease. He showed diminished exercise tolerance. He was ambulatory, but was hos- 
pitalized for stud}-. 

Case 2. — A female, aged 24 years, had essential h}-potension but no organic 
heart disease. She showed normal exercise tolerance and was an apparently healthy 
medical student. Observations were made on two occasions by both methods under 
basal conditions. On the second occasion the subject had had typhoid vaccine one 
and one-half days earlier. 

Case ?>. — A male, aged 28 years, had hypertensive heart disease and cardiac en- 
largement. Severe congestive failure occurred eight years ago and borderline fail- 
ure has been present .since then. At present he is ambulatory and is talcing digitalis. 

Case 4. — A male, aged 5.3 years, had chronic alcoholism and cardiac enlargement. 
He is convalescing from an attack of acute pulmonary edema which occurred two 
months ago. The finst attack was one year ago. He was easily breathless. He was 
taking no digitalis. 

Case 5. — A male, aged 55 years, had arteriosclerotic heart disease, aortic sclerosis, 
gastric tumor, and anemia (erythrocyte count 2,900,000). He was ambulatory, but 
breathless on slight effort. Hypertension with mild congestive failure occurred one 
year ago. The patient was hospitalized for study but was given no digitalis. 

Case G. — A male, aged 55 year.s, had arteriosclerotic and hypertensive heart dis- 
ease, cardiac enlargement, bundle branch block, angina pectoris, and congestive 
failure (onset four months ago). He is convalescing, but still bedfast and taking 
digitalis. 

Case 7. — A male, aged GO years, had arteriosclerotic and h}-pertensive heart 
disease, cardiac enlargement, premature contractions, and congestive failure, onset 
following coronary occlusion nine months ago. He is eonvalescing, but still bedfast 
and taking digitalis. 

Case S. — A male, aged G9 years, had arteriosclerotic and hypertensive heart dis- 
ease, nephrosclerosis, and cardiac enlargement. Congestive failure at present has 
subsided, but patient is still bedfast and is taking digitalis. 

Case 9. — A male, aged 5G years, had anginal pain on exertion, particularly in 
the last year. He was ambulatory, but was hospitalized for study. 

Case 10. — A male, aged 35 year.<5, had aortic stenosis. Onset of symptoms oc- 
curred eight years ago, with acute failure two years ago and acute pulmonary con- 
gestion 2 weeks ago. He is ambulatory after past two weeks in bed. 

Ca.se 11. — A male, aged 70 years, had hypertensive and arteriosclerotic heart 
disease. He was feeble and bedfast. 

Case 12. — A male, aged 09 years, had hypertensive and arteriosclerotic heart 
disease and was extremely feeble and bedfast. On admission one year ago blood 
j>ressuro was 154/92. He has a vegetative existence in bed, and was asleep during 
examination (Feb. 4, 1937). 

Case 13. — A male, aged 54 ycai-s, had hypertensive and arteriosclerotic heart 
disease, cardiac enlargement, and congestive failure, onset three years ago with 
so\-eral ho.«i)ital admissions in interim. Severe orthopnea occurred. The patient 
died three weeks later. 

Case 14. — A male, aged 48 years, had hypertensive heart disease, cardiac enlarge- 
ment, and acute pulmonary edema. He was bedfast and was taking digitalis. 
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Case 15— A male, aged 59 years, had arteriosclerotic heart disease, complete heart 
block, alcoholism, cirrhosis, and ascites. He was bedfast and was taking digitalis. 

A source of error which is to be expected is tortuosity of the vessels. The most 
critical test for tliis factor was that on Subject 5, in whom marked tortuosity eouhl 
be distinguished in the abdominal aorta by palpation, and in the thoracic aorta roent- 
genologically. Nonetheless, the calculated cardiac index was 2.7, as compared witli 
a value of 2.6 by the acetylene method. (Another case of marked tortuosity was 
Subject 8. Here the two estimates were discrepant, but the higli value obtained bj 
acetylene, though substantiated by all three samples, is likely to have been due to 
excitement.) It seems probable, therefore, that the errors which arc certainly 
present in subjects with tortuous vessels tend to cancel one another. In such sub- 
jects the pulse wave velocities must be underestimated, and the consequent errors 
would appear in tlie denominators wliere the values arc squared. However, the 
volumes of these vessels, wliich appear in the numerators, would also be in error due 
to underestimates (a) in the leiigtli of the ves.'jcis and (b) in their diameter, for 
abnormal increases in diameter are likeh' to accompany tortuosity in the central 
vessels. If the two errors in the numerators arc proportional to the tortuosity, the 
errors due to this factor are squared in both numerator and denominator, and are 
likely to cancel out. 

RESULTS 


Validity of the Method of Estimation hy Calculation From Blood 
Pressure . — In Talile I values are given for those subjects on whom 
estimates of cardiac output were made by lioth metliods. The agree- 
ment lietween the tvvo methods is fair. The mean deviation of the calcu- 
lated estimate from that olitained by the acetylene method was +14 per 
cent of the latter; the average estimate by calculation was 2.35 li1ers/mV 
min., and that by acetylene, 2.33. Tlic mean deviation between the two 
methods in normal subjects has averaged +12 per cent. The method 
of calculation appears to have no neAV inherent errors in these cases. 


In Table II the subjects are arranged in different groups, and within 
each group in the apparent order of their decreasing fitness. 

Amhulatory Subjects . — Subject 3 had vmlues for both the output and 
work of the left ventricle which were above average normal. Clinical 


examination likewise revealed no evidence of circulatory insufficiency 
at rest, although marked breatlilessness occurred during physical exer- 
tion. Apparently the recorded output and work of the left ventricle 
were the approximate maximum oljtainable, and could not be sufficiently 
increased to accommodate additional physiologic requirements. The 
estimated distensibility of the aorta appeared to equal the maximal nor- 
mal values at any age. 

Subject 5, like Subject 3, exhibited normal values for the output and 

Tusi/ ventricle. This was apparently attained, however, to a 

sideralile extent by enlargement and tortuosity of the aorta. 

«fle” W ‘ta t’lf vessels ivMch 

cted, m this case, an advanced degree of aortic disease. 
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Mean pulse rate 

Clinical systolic pressure 

Lateral pressures 

Mean pressure 

Mean pressure in systole 

P.W.V. heart to subclav. 

Subclav. to femoral 

Subclav. to brachial 

Femoral to dorsalis 

Effect of distension of 
aorta 

Effect of distension of 
peripherial artery 

Cardiac index 

stroke vol./sq. m. 

Effect of peripheral re- 
sistance 
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systole) 

Duration of mech. 
systole* 

Compress, work It. vent/ 
beat/sq. m. 

Compress, work It. vent/ 
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Attention is drawn by italics to the data considered of greater significance. 
‘Measured from the start of rising tension time to the second sound. 
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Subject 10, whose clinical examination revealed aortic stenosis, had a 
relatively low cardiac outpxit in spite of a probably high work level of the 
heart. (An accurate estimation of the work of the heart could not be 
obtained in the presence of the valvular lesion.) The peripheral vaseidar 
.system appeared normal. 

Hyper tensive Subjects of the Old-Age Group. — The three, elderly, 
hypertensive subjects (S, 11, and 12), who were bedfast, formed a strong 
contrast with the ambulatory group. In all eases the effective distensi- 
bility of the aorta was low. The effective distensibility of the more 
peripheral vessels did not appear particularly low (except in Subject 
11), but these values may have resulted from underestimation of the 
pulse wave velocity due to tortuosity of the arteries. 

Tlie effective peripheral resistances were high. The cardiac output 
was low in Subjects 11 and 12. In Subject 8 the cardiac index was 
2.05, but this value was likewise Ioav when considered in relation to the 
increased work of the left ventricle. The low cardiac output can prob- 
ably be correlated with the extremely feeble and apathetie condition 
of these patients. 

The blood pressure in Subjects 8 and 11 was high. In Subject 12 the 
blood pressure was normal, ])ut hypertension was nevertheless an etiologic 
factor. This ease illustrates how hypertension ean be masked by a Ioav 
eardiac output, although the distensibility of the aorta is subnormal and 
the peripheral resistance is high. 

Subject 12 suffered from frequent attacks of paroxysmal nocturnal 
dyspnea. A possible cause for these attacks was demonstrated when 
the patient fell asleep during a repetition of his examination. Sleep 
was accompanied by marked slowing of the heart rate. The already Ioav 
cardiac output thereupon sustained a further decrease, until the cardiac 
index was only 1.15. 

Hypertension in the Middle-Aged Gh’oup. — The data on these subjects 
show certain quantitative differences from those in the previous group. 
Reduction in distensibility was found chiefly in the peripheral arteries, 
and was relatively less pronounced in the aorta. The cardiac output was 
very low in Subjects 14 and 15, and this could be correlated with the 
more severe symptoms of these patients, as compared with Subject 13, 
who had a normal cardiac output. Subject 13, however, was the only 
l)atient who died within three weeks of his examination. His higher 
level of cardiac work, by exerting an excessive strain on the heart, may 
have been more harmful than the low eardiac outputs of the other two 
distressed, but still living, subjects. 

Cardiac Irregularities. — Subject 15 had complete heart block. The 
slow heart rate resulted in a large stroke volimie and a high level of 
cardiac work per minute. 

Subject 7 had vcntrieiilar premature contractions which produced a 
very irregular pulse rate, with periods in which the rate was 37 (due 
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to pulse dcficil), otlu'v periods iu wliieli it was 84, and still others in 
which it alteriialod ra]iidly between the two levels. The yalnes observed 
under the two main conditions are shown in 'J'able 11. Estimates oi the 
cardiac output wore probably not. nnieli in error, for they Rave a cardiac 
index of 2.3, whereas the acetylene method pave one of 2.05. 

A series of ]nilso curves illustratinp the .shift, from the slow pulse, 
when extrasystoles were prc.sont, to the raj>i(l jnilse, when e.xirasystolcs 
were absent, is reproduced in Fip. 1, topether with simnllanemis electro- 
cardiograms. 






rip. 1. — Records of .sternal jiuls.atlon and ."-uliclavlan (dotted line) ntsil liracltlal 
pulso.s of Subject 5 durinp tUo ebanpe from tlio slow puUi- to Uu- fu.st juil.'-'o, ri-dr.awn 
and reduced (about Iv.) to tin; .'-•am*- time r<:Iall(>ns as tbs l•It•^"trocardlo|;r.•ln! wlib'h was 
taben slnuiltaneou.slv. Tin' latter l.s .'<bown below, ('orn'sjiondim: poitit.s on tlm two 
records are indic.atcd as .slenab.- ,S'i, .V:. and .‘•’j; sit tlvi-so i>olutK Urn vb-ctrocardlopratn Is 
cb.mped In level. I’lilse " is of ventricular orlcln : It l.« not preo. ib d by a 1’ wave, 'riio 
l.ater pulse.? at ibe fiistor pulse rate are noteworiby for very lorn; and abnormal i)US 
complexes. Tlic pros.sure levels of the two type.s ..f pvilse are Indieaied m Tutde It ; 
tlio inten'als between the -sl.'irt of It and the .•-■ubrliivlan piil.si' are Imllcated In Table 
III. 
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0.0(‘.2 

Premature con- 
tractions 

0.2.10 ' 

0.27i3 

0.012 

0.100 
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The .sefpience of event.s may he followed from these records and the 
data in Table 111. 5Yitii the .slow jnil.se and the long r<\sl. hetwcoii normal 
heats, conduction was fairly adcfiualcly aeeoiiiplished, and the QKS 
complex was not very abnormal. The strolce volume and the cardiac 
work were veiy high. Tlic eliaiigc to a more rapid pulse, without extra- 
yvstoles, le.ssenod tlic load as far as heart work was coiiecrncd, Init loft 
ittlc time for recovery of the conducting t.iasue; the Q1?S conpilex lio- 
came gros.sly lengthened and abnonnal in shape. TJie time relations 
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allowed the conclusion to he drawn that the delayed conduction, on which 
the abnormal complex depended, was affecting the left ventricle, and also 
that the origin of the premature beats was in the right ventricle. 

The tirae relations which were observed merit brief discussion. The faster pulse 
Ijeats, as well as the premature contractions, were associated with a much increased 
duration of the QRS complex, and also with a great exaggeration of the interval 
between the start of the B wave and the subclavian pulse. The increases in these 
two intervals were approximately of the same order, and not open to question. Al- 
though the sternal pulsations were interpreted as indicating an abnormally long 
period of ri.=ing tension time in the left ventricle, such deductions were not essential 
to the argument. There was unquestionable evidence of asjmchronism of the two 
ventricles. The auricular contractions were also often abnormal or not sjmehronized, 
for the P wave was commonly notched or double (Fig. 1) ; accompanying the double 
P wave there was a duplication of the auricular wave in the sternal pulsation. 

DISCUSSION 

The data presented give evidence that the method of estimating 
cardiac output from lilood pressure measurements can be applied with- 
out sei’ious errors to patients with cardiovascular disease other than 
aortic incompetence.'^ It is probable that it would be inapplicable to 
patients with aneurj-sms, although this has not been investigated. 

Calculation of the work of the left ventricle demonstrated that the 
additional work which was required in order to maintain the cardiac 
output could not be accomplished uithout a considerable increase in the 
oxygen consumption of the heart. If the oxygen is supplied to the heart 
at a normal tension, there must also lie a considerable increase in the 
coronary floAv, Such data are in agreement Avith Rasmussen’s'^ demon- 
stration that there is an increased oxygen usage in hypertensive 
subjects. If the oxygen intake and cardiac output are normal or 
subnormal in such patients, one must assume that this increased 
utilization by the heart is accompanied by a considerable deficiency in 
Ihc supply of blood and oxygen to the peripheral tissues. 

Cardiac indices of the same order as those here reported were found 
by GrolLman, et ah,® in eases of congestive failure. The average in their 
eight eases Avas 1.S7, Avith extremes of 1.29 and 2.25 ; the average of the 
values obtained by calculation in the eleA-^en cases of congestive failure 
here described Avas 1.72, Avith extremes of 1.15 and 2.25. The higher 
cardiac outputs observed in this series occurred in patients aa'Iio ap- 
peared capable of maintaining a relatively high grade of mental or 
])hysical activity. Such activity may, hoAvever, iie attainable only at the 
expense of an excessive load on tlie heart (Subject 13). A Ioav cardiac 
output may be associated Avith evidence of considerable damage to the 
peripheral A-ascular system (Subject 14), or AA'ith Ioav actiAdtj’’ and a 
vegetative existence, Avith no indication of any progressive development 
of SAunptoms of congestive failure (Subject 12). In such cases the 
Avork performed by the heart may be markedly subnormal. 
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Analysis of the type wliicli we have described enables one to recognize 
hypertension in subjects who have no hypertension (either systolic or 
diastolic) at the time of examination (Subjects 12 and 14). Comparison 
of the middle-age and old-age groups gives some indication that the 
method might distinguish between hypertensive subjects of^ difterent. 
tjTies. Analysis of irregular heart action, with pulses at various pres- 
sure levels, can be attained, and affords evidence as to which side of the 
lieart is affected mainly by deficient ventricular conduction, as well as to 
the site of origin of premature ventricular contractions. The principles 
discussed by Katz, et al.,° and by Braun-iilenondez and Solari’" are 
applicable to the records obtained. 

COXCLU.SIOXS 

1. It is shown that the stroke volume of the heart may be calculated 
from measurements of jnilsc pressure and pulse wave velocity on 
patients with various tyiics of cardiovascular disease (except aortic 
regurgitation) without apiuirent. serious error. 

2 . The applicability of the method to subjects with tortuous vessels 
(which would appear likely to introduce .serious errors) is attributed 
to the introduction of errors of approximately uniform extent in both 
the numerators and denominators of the cf]uations. 

3. The method is utilized to calculate the work of the left ventricle. 
In cases of hypertension in which the cardiac output is well maintained, 
the work which the heart has to perform is .shown to be higb. It is 
demonstrated that, unless this work is jierformcd under very unfavorable 
circumstances, it must be accompanied by an increased oxygen intake 
by the subject and lu" an increased coronary circulation. A normal 
oxj'gen intake and a normal cardiac index in such patients do not, there- 
fore, indicate a normal and adc(iualc supply of oxygen and blood to the 
peripheral tissues. 

4. Attention is drawn to the development of dccrea.sed dislensibilily 
of the large vessels in two groups of patients, namely, an older grouj) 
with the changes mainly in the aorta, and a middle-age group with the 
changes mainly in the peripheral arteries. 

5. It is shown that hypertension in eases in wliich there is temporarily 
no hypertension, because of a low cardiac output, may be recognized bv 
such analysis, even when the blood pre.ssure is normal. 

tVe should like to take this opportunity to thank tlic .sfafT of tlio PJiiladolphia 
General Hospital and, in particular, Dr. William E. Hobertson, wl.oso eooi)eratioii 

^ possible. Our tlianks arc also due to the Faculty Ke.searcli Comniitfce 

0 the Umver.sity of Penn.«y]variia for financial a.^si.sUince in (his re.'-oarch. 
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THE ESTIMATION OF CARDIAC OUTPUT PROM BLOOD 
PRESSURE AND PULSE WAVE VELOCITY MEASUREMENTS 
ON SUBJECTS WITH CARDIOVASCULAR DISEASE 

II. Aortic Regurgitation 

H. C. Bazett^ M.D., L. B. Laplace, M.D., and J. C. Scott, Ph.D. 

Philadelphia, Pa. 

I N PART I of this report,^ it was shown that the method of calculating 
the stroke volume of the heart from measurements of pulse pressure 
and pulse wave velocity^ is applicable to patients with various types 
of cardiovascular disease other than aortic regurgitation. The method 
is not applicable to patients with aortic regurgitation because the pulse 
pressure is determined bj’’ the volume of blood which returns to the left 
ventricle, in addition to that which proceeds through the aorta. The 
values obtained, therefore, do not represent tlie effective stroke volume. 

If the cardiac output in a patient with aortic regurgitation is measured 
by the acetylene method, a comparison of the values so obtained with 
those obtained by somewhat modified calculations from the pulse pres- 
sure supplies an estimate of the degree of regurgitation. This, in turn, 
permits investigation of the nature and extent of the physiologic handi- 
cap which aortic regurgitation imposes upon the heart. The observa- 
tions to be reported are concerned wdth the results of this procedure as 
applied to two subjects. 


METHODS 

The procedure used in estimating the cardiac output by the acetylene 
method, as well as the technique employed in obtaining the data used 
in the equations, was the same as that already described.^ 

The method of calculation^ required certain changes, for the outflow 
from the aorta in diastole occurs both into the smaller vessels and, by 
regurgitation, into the ventricle, whereas in systole it occurs only into 
the vessels. The following modification wms used : 

The calculation is made in the ordinary way from the fall of pressure in diastole. 
This gives the blood leaving the aorta for the capillaries (Va), and also the re- 
gurgitating blood (x). 


(0 


+ 


■ + 


JVttceivea for publication April 2 , 1941. 


749 



750 


THE AMERICAN HEART JOURNAL 


Vfl and X cannot be distinguished. Equations (~) and (S), which were given in 
Part 1,1 may be combined as follows: 

V _ s (Ms - 20) 

~ ^ 1 (Md - 20) 

If V be determined by the acetylene method, V,i may be calculated by equation (5). 
If Va be subtracted from the value determined by equation (4), the value of x is 
obtained. 

Two subjects who had aortic regurgitation were studied. 

Ca.se 1. — A male, aged 40 years, had syphilitic heart disease. The heart was 
greatly enlarged; rhytlim was normal. He had angina pectoris and had had con- 
gestive failure, onset two years previously, with several hospital admissions in the 
interim. He was confined to bed and digitalized. 

Case 2. — A male, aged 20 years, had rheumatic heart disease. There was ex- 
treme cardiac enlargement. Ehythni was normal. The patient had no symptoms 
of cardiac insufficiency and played basketball without discomfort. No medication was 
administered. 

Subject 1 was studied two hours after a light breakfast; Subject 2, under basal 
conditions. 

RESULTS 

A summary of the values obtained on the two subjects is included in 
Table I. 

In Subject 1, the effective stroke volume by the acetylene method 
(somewhat doubtful because of difficulties in breathing) was 67.4 ml.; 
tlie true Vd was 28.9 ml., and x was 13.4 ml. Apparently, therefore, 
there was witli each contraction of the left ventricle an expulsion of 80.8 
ml., of which 13.4, or 16.6 per cent, regurgitated during diastole. The 
distensibilities of the large vessels Avere subnormal, i.e., 0.36 ml./mVmm. 
Hg for the Uvo central sections, and 0.10 for the tAvo more peripheral. 
(The normal A'alues for these distensibilities in subjects up to 40 years of 
age are about 0.52 and 0.14.) The blood pressures Avere high, and the 
Avork of the left ventricle Avas therefore much increased as the result of 
all these factors, in spite of the moderate degree of regurgitation. The 
compression Avork Avas calculated as 16,000 Gm. cm. per beat, and as 
11.8 kilogram meters per minute, as compared Avith normal levels of 
about 6,900 (4,150 per square meter) and 4.85 (2.9 per square meter). 
The extra Avork Avould necessitate the use of an additional 17 ml. of oxy- 
gen per minute (assuming a mechanical efficiency of 1 to 5) and an ad- 
ditional coronary floAV of some 300 ml. per minute (assuming an oxygen 
utilization of 55 ml. per liter). The actual increases should be greater, 
for any increase in basal metabolism Avould require, also, an increased 
floAv through the .skin for heat loss. If the mechanical efficiency of the 
heart Avere loAvered by myocardial changes, the increase in metabolism 
Avould also have to be greater. Consequently, a normal cardiac index is 
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not to be anticipated in such eases, and, even if it were normal, it would 
not indicate a normal peripheral circulation. 

In Subject 2, the values were even more strildng. This subjeet was 
relativelj^ fit (playing college basketball), and bad an enormous heart. 
An orthodiagram showed that the transverse diameter of the heart was 
17.5 cm. in a thorax 26.1 cm. in diameter. 

At the time wlien. the observations were made, the .subject was somewhat excited, 
and the acetylene procedure was consequently carried out twice, before and after 
obtaining blood pressure records. The pulse rate was at first 74 to 78, later, 52 to 
67. The diastolic pressures indicated in Table I appear high as compared with 
the auscultatoiy estimates usually used in such cases. The diastolic pressure was not 
measurable in this subject by auscultation; the apparent level was zero. 

If the mean values for cardiac output (6.57 liters) and for pulse rate 
(69.3) are used, the real stroke volume is calculated as 96.2 ml. Prom 
the blood pressure data a regurgitation of 41.7 ml. is estimated. The left 
ventricle therefore ejected 137.9 ml., of which 31 per cent regurgitated. 
The distensibility of the vessels was high, namety, 0.56 ml./mm. Hg/m- 
for tlie central, and 0.23 for the peripheral, vessels. The high degree of 
regurgitation and the high systolic pressure gave high estimates for the 
comjn’ession work of the left ventricle, namely, 23,000 Gm. cm./beat 
and 16.0 kilogram meters/min., as compared with normal values for a 
subject of this size of about 8,100 and 5.6, respectively. The large 
amount of blood expelled in systole also implied a high mean velocity 
in the aorta of about 138.5 cm./sec., so that the work of developing 
kinetic energy must have been also quite high. This work maj’- be 
calculated on the assumption of a uniform velocity of expulsion, and 
llie actual Avork is, on such a calculation, certainlj’- underestimated. It 
may also be calculated on an assumption of a constant rate of shortening 
of circular fibers surrounding a spherical ventricle. Assuming a final 
internal diameter of 2 cm. for the “emptied” left ventidcle, one maj’" 
calculate an initial diameter of 6.5 cm. The cross-section area of the 
aorta Avas assumed to be 2.77 cm.,- and the duration of ejection AAms 
0.36 sec. Calculation of the Avork iuA’-olved in producing kinetic energy 
Avas 1,425 Gm. cm./lieat on the assumption of a constant A^eloeity of 
ejeelion, and 2,875 on that of a constant rate of muscular shortening. 
The real value probably lies betAveen these tAvo estimates. 

The increased Avork of production of kinetic energy above a probable 
normal level on the tAA'o assumptions aa-rs 1,260 Gm. cm. per beat on the 
first, and 2,600 on the second. The total Avork of the left A’^entriele may 
be calculated as exceeding the normal by 675 to 732 kilogram meters 
]ier hour. If the same assumptions are made as for Subject 1, an ad- 
ditional oxygen eonsunqition of 27 to 30 ml. per minute must be ex- 
])ccted, Avhich .should give a total basal oxygen consumption of 296 to 
299 ml. The observed A'alue at the time of examination Avas 337, and, on 
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the next morning, when the sulijeet was more relaxed, 286. The in- 
creased coronary flow to he anticipated would he 500 to 550 ml./minute. 
The data indicate that, whereas under normal hasal conditions the heart 
is likely to consume 8 to 9 per cent of the total oxygen utilized, this 
proportion may he readily doubled when the heart is ahnormal. 

Other approximate calculations may he made on Subject 2. The work 
of inducing kinetic energy in the left ventricle was 5.8 to 10.7 per cent 
of the total work of this ventricle (according to the assumptions 
adopted), as compared Avith 2.0 to 3.3 on similar assumptions for a 
normal subject. The difference would be much greater under nonhasal 
conditions. If normal pressures he assumed for the pulmonary arterj^, 
the relative Avork of the tAvo ventricles may be calculated. Wliereas 
in the normal subject the AAmrk of the left ventricle is about tAvice that 
of the right, in Subject 2 the ratio Avas about 3 :1. This may be compared 
Avitli the relative Aveights of the A'-entrieles in such cases. LcAvis^ reported 
a normal ratio for LV/RV of 1.81, and ratios as high as 2,74 and 3.44 
in cases of aortic regurgitation of an extreme degree. 


SUjWAIARY AND CONCLUSIONS 

In patients Avith aortic regurgitation, the degree of regurgitation 
may be estimated from the difference betAA^een values for cardiac output 
made by the acetylene method and a modification of the method of 
calculation from pulse pressure and pulse Avave velocity. By this pro- 
cedure, the regurgitation Avas found in tAvo subjects to amount to 13.4 
and 41.7 ml., respectively. 

From data obtained in this study, it appears that the presence of free 
aortic regurgitation may double the oxygen utilization of the heart, and 
require an increase of over 500 ml. per minute in the coronary blood 
floAv. The Avork of the left ventricle may be increased by approximately 
.50 per cent or more. 
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A EECORD CASE OP THE TETRALOGY OP PALLOT, WITH 
CO]\II\IENTS ON ilETABOLIC AND PATHOLOGIC STUDIES 

John' H. Talbott, M.D., Prederick S. Coombs, M.D., 
Benjamin' Castleman, M.D., Prancis L. Chamberlain, M.D., 

W. V. CoN'SOLAZio, B.S., and Paul D. White, MJI. 

Boston, Mass. 

F or more tlian a decade, anoxemia lias been of special interest in cer- 
tain of the laboratories from which this report originates. The first 
and probably the only D’Oeagne nomogram ever constructed of the 
acid-base balance of the blood of a patient with congenital heart dis- 
ease and cyanosis was based upon data collected at the Massachusetts 
General Hospital in 1925.^ Subsequent communications have been con- 
cerned with the effect of (a) a diminished oxygen percentage on normal 
subjects at sea level,* (b) a diminished partial pressure of oxygen on 
temporary residents in the Colorado Rockies at 10,000 and 14,000 feet,® 
(e) a diminished partial pressure of oxygen on temporary residents in 
the Chilean Andes at altitudes as high as 20,100 feet,^ and (d) a 
diminished partial pressure of oxygen on permanent residents in the 
Andes.® The unsaluration of arterial blood with oxygen and a 
diminished transport of oxygen to the tissues were the common de- 
nominator in all of the studies. 

Because of the desire to enhance our Imowledge of the effects of pro- 
longed anoxemia at a barometric pressure corresponding to sea level 
conditions, we have collected extensive metabolic data on a patient who 
suffered from cyanotic congenital heart disease for nearly twenty years. 
A comprehensive post-mortem examination confirmed the clinical diag- 
nosis of tetralogy of PaUot. The patient was seen in our hospital for 
the first time at the age of IS, and stated that his lips had been blue 
since the age of 2. He was an intelligent, cooperative, and, at that time, 
ambulatory patient, and agreed to participate in a metabolic experiment. 
He was transferred, therefore, to the research ward and remained for 
aiiproximately a month. He was readmitted to the hospital on three 
occasions. At all times he was under the medical supervision of mem- 
bers of the medical and cardiac clinics. Subacute bacterial endocarditis 
was sus])ected at various times, but the blood cultures invariably were 

Thi.*! .•study -xva.s aided in part by a gri’ant from the Corn Industrie-s Re.searcli 
Foundation. 
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reported as showing no growth. Terminally, the patient suffered from 
a large cerebral abscess. Detailed acid-base studies with other metabolic 
data on a patient with congenital heart disease are not often available. 
These observations, together with a post-mortem report, permit one to 
designate the complete study as unique. 

REPORT OF CASE 

D. B., Massachusetts General Hospital Unit No. 91316, a Grecian-born school 
boy, aged 18 years, was admitted to the Massachusetts General Hospital on Nov. 
5, 1937, complaining of dyspnea, orthopnea, a dry cough, and weakness for three 
weeks. 

Family Eistory . — His father, mother, sister, and brother were living and well. 
Congenital, hereditary, and cardiac stigmas w'ere denied. 

Past Eistory and Present Illness . — The patient was apparently normal and well 
until he was stricken with diphtheria at the age of 2. Careful questioning of the 
parents failed to elicit any history of cyanosis prior to this illness. After the 
attack of diphtheria his lips became blue and remained blue during the following 
seventeen years. For several years prior to the hospital admission his parents be- 
lieved that he had been more cyanotic than immediately before admission. Be- 
tween the ages of 2 and 5 he suffered from sudden attacks of syncope. There- 
after he w'as free from them, and entered school, where he progressed without 
difficulty until the age of 9. At that time he had a severe attack of tonsillitis. 
This was follow'ed by swelling of the ankles and knees. He maintained that he 
was paralyzed during this illness, but it is more likely that he was incapacitated by 
rheumatic polyarthritis. Recovery was slow, but eventually he was able to return 
to school with no residual joint dysfunction. His physical activity was curtailed, 
however, and the strenuous sports engaged in by boys of his age were forbidden. 

Each winter he suffered from one or more attacks of tonsillitis, with little or no 
fever or other constitutional symptoms. His voice became “adenoid” in quality, 
and he was able to breath only through his mouth. There was recurrent swelling 
of his ankles during the day, and they became tender when he was fatigued. Fre- 
quency of urination during the day and enuresis at night were troublesome. He 
carried on his school work wdthout difficulty, and maintained a scholastic standing 
near the top of his class. Three years before admission he had an acute, left 
middle-ear infection which was followed by a purulent discharge. The discharge 
recurred frequently, and loss of acuity of hearing eventually developed. He also 
had, two or three times a year, sudden attacks of earache, severe dizziness, and 
vomiting, and would fall to the ground. Five weeks before admission, after climb- 
ing the stairs to his classroom, he experienced acute dyspnea, became weak, and 
for several minutes was partially apneic. After an attack of unproductive cough- 
ing he felt somewhat better; he had a frontal headache, but continued with his 
school program. Three days before admission the dyspnea became unbearable; 
he was compelled to remain at home, and finally decided to enter the hospital. 

Physical Examination . — Examination showed that the patient was moderately 
well developed, but rather poorly nourished. There was general cyanosis, which was 
most marked in the lips and nails, but was also evident in the skin over the entire 
oc y. The ocular fundi showed hazy disc margins ; the veins were markedly dilated, 
" lereas in the periphery the arteries were narrow. No retinal exudates or hemor- 
1 mges were seen. The sinuses were dark on transillumination. Both nares showed 
considerable crusting. The tonsils were hypertrophied and showed evidence of 

ironic infection. Both aural canals contained foul-smelling, thick pus. The drums 
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Iiad been destroyed. Tlie hearing was slightly impaired. There was a left dorsal 
scoliosi.s, with a right dorsal lumbar curve, and moderate kyphosis was present. 
The chest was barrel-shaped. There was a precordial bulge. Many dilated veins 
were visible. Examination of the heart by Dr. Edward Bland was reported as 
follows: ‘'The heart showed well-marked enlargement, with prominent systolic 
pulsations to the right as well as to the left of the sternum. No thrill was palpable. 
On auscultation there were (1) prolongation an.d reduplication of the fii'st sound 
over the lower cardiac area, and (2) a moderately loud and long, early, diastolic 
murmur which was widely transmitted, but Avas best heard along the left sternal 
border. There was a slight systolic blow at the apex. The pulmonary second 
sound Avas present, but was not remarkable. Fluoroscopic examination showed (1) 
Avell-marked cardiac enlargement, AA-itli the general configuration of right A’entricular 
hypertrojfiiy, (2) a full-sized, dynamicallj- pulsating aorta, and (3) absence of 
unusual prominence of the pulmonary conus, and normal hilus shadows Avithout a 
hilus dance. In the right anterior oblique A’iew there was but slight encroachment 
on the posterior mediastinal AA-indoAA-.” The blood pressure Avas 116/84 in the 
arm and 120/84 in the leg. Examination of the abdomen was negative. 

There was marked soft tissue clubbing of the fingers and toes. The knees 
showed soft tissue swelling and were tender on palpation. There Avas no limitation 
of motion. There was slight edema of the shins and ankles. There AA'ere marked 
tortuosity and engorgement of the leg A’eins. 

Partial Laboratory Bata . — The hemoglobin measured 140 per cent by the Sahli 
method; the erythrocyte count was 8,660,000; and the leucocyte count was 5,900. 
No satisfactory blood smear or differential count of the leucocytes was obtained 
because of the great number of erythrocytes. The Hinton reaction on the blood 
Avas negative. The basal metabolic rate on two occasions Avas -H and +5 per cent, 
respectively. Tlie vital capacity Avas 2.6 liters. 

Casual specimens of urine showed a maximum specific gravity of 1.018 and a 
trace of albumin, but no sugar or diacetic acid. Examination of the centrifuged 
specimen shoAvod several erj-throcytes, a fcAv leucocytes, and occasional hyalin and 
granular casts. A urine concentration test after abstinence from fluid for twelve 
hours shoAved a maximum specific graA-ity of 1.018. This value is corrected for the 
protein AA'hich was present. The excretion of phenolsulphonphthalein, injected intra- 
venously, Avas 20 per cent in fifteen minutes, and totaled 30 per cent in one hour. 
Tavo blood cultures AA-ere negative for pathogenic organisms. 

The venous pressure* AA-as 80 mm. of AA'ater by the Moritz and Tabora method, 
lilcasuremcnt of the circulation time following the intravenous injection of 10 c.c. 
of dccholin gaA’c discordant results and a doubtful end point. At the first deter- 
mination the end points Avere thirty-five and fifty-six seconds, respectively (normal, 
ton to sixteen seconds). At the second, they Avere tAventy-six and thirtj'-four 
seconds, respectively. The respiratory minute A’olume Avas 7.7 liters. The oxygen 
consumption per minute Avas 244 c.c., and the respiratory quotient AA’as 0.85. 

The electrocardiogram shoAA'ed marked right axis deA’iation, unusually large P 
Avaves, and a P-R intcrA'al of 0.20 second. 

Pocntffcjwlopio Examination . — The folloAA-ing interpretations were reported by 
Dr. A. O. Hampton: “There is marked thickening of the mucous membranes of 
both antra. There may be a small amount of fluid on the left side. The ethmoids 
shoAv some thickening of the mucous membranes. The frontal sinuses are under- 
developed. There is sclerosis of both ma.stoids. The heart is grossly enlarged and 
rounded in .^hape. The greatest enlargement appears to be in the region of the 
auricles and the right ventricle. Tlie pulmonary conus and pulmonary A-essels are 

•AVc are indebted to Dr. C. Sidney BurAvell for tlie mcrusuromonts de.scribcd in tills 
raratrr.nph. 



TALBOTT ET AL. : TETRALOGY OF FALLOT 



relatively small. The shadow of the superior vena cava appears large. ^ The size 
of the aorta is greater than normal. Both auricles are dilated in the oblique view. 
Appearance is that of congenital heart disease of a rather unusual type. The 
most unusual features are enlargement of the aorta and absence of dilatation of 
the pulmonary vessels. An intravenous pyelogram shows the kidney outlines to be 
considerably larger than normal and smooth in outline. The dye is excreted poorly. 
The kidney pelves and calices are not distinctly seen; they are small and show a 
suggestion of multiple pressure defects. The appearance is similar to that of 
polycystic kidneys. The phalanges of the hands and feet are long and tapering, 
especially the terminal portions. There is no bony clubbing and no periosteal 
reaction. There is some thickening of the terminal soft tissues. The structure of 
the bones appears normal.” 

S'u'bseqiient CoKi'se.— The patient was readmitted to the hospital three times 
during the following year. A diminishing cardiac reserve was responsible for the 
second admission, on Feb. 16, 1938. The blood pressure was 100/65. A blood 
culture was negative. He was discharged as somewhat improved. 

The third admission, March 15, 1938, was necessary because of an acute enteritis. 
The cardiac state was thought to be unchanged at that time. Several urine speci- 
mens showed erythrocytes and leucocytes, albumin, and a few granular and hyalin 
casts. The leucocyte count varied between 4,000 and 6,700. Two stools showed 
a positive guaiae test, and three, a negative. Three blood cultures were negative. 
A tentative diagnosis of subacute bacterial endocarditis was based upon the follow- 
ing evidence; cardiac disease, hematuria, fever, pleural pain (from pulmonary em- 
bolism?), and possible mesenteric thrombosis. 

The fourth admission, Nov. 14, 1938, was five days before death. A greater 
part of the intervening time had been spent in bed, but in moderate comfort. At 
one time, pains in the elbows, wrists, and knees were distressing. It was undecided 
whether this was caused by acute rheumatic fever or pulmonary osteoarthropathy. 
There were two attacks of chest pain rvhich were thought to have been associated 
with pulmonary infarcts. Five days before admission a severe headache developed. 
This was largely responsible for his return to the hospital. 


Physical Examination . — The pulse rate was 80 per minute, and the pulse wms 
regular. The blood pressure was 110/70. The heart examination was as described 
on the first admission. The lungs were clear and resonant. The edge of the liver 
was felt 3 cm. below the costal margin, and was slightly tender. The spleen was 
not felt. The ankles were moderately swollen. Weakness of the left side of the 
face and body was apparept. This, together with severe temporal headaclie, sug- 
gested a cerebral abscess. Coma supervened two days before death. 


Lahorutoin; Studies. — The leucocyte count varied between 3,900 and 7,200. The 
urine analyses and electrocardiogram were unchanged. A lumbar puncture shorved 
1)12 polymorphonuclear cells, 88 lymphocytes, and 70 erythrocytes per cubic milli- 
meter. The concentration of total protein was 25 mg. per 100 c.c., of sugar, 74 
mg. per 100 c.c., and of chloride, 721 mg. per 100 c.c. The gold sol curve \vas 
0000121000. Cultures of three samples of spinal fluid and two samples of blood were 
nog.itire. A culture from the throat and one from the ear showed no growth of 
pathogenic organisms. An arterial blood sample was obtained four hours before 
( eath. An electrocardiogram three hours before death was interpreted as f ollorvs : 

Harked sinus arrhythmia, rate 55. In Lead III, two instances of ventricular 
ci-cape arc seen, with blocked P waves subsequently. The P-R interval equals 0.22 
reeond. Marked right axis deviation. T, upright, T, inverted, and T, inverted. 
Pronnnent U waves.” ’ 


Tlie autopsy was performed three hours after death. 
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POST-3\IORTE2J EXAMINATION 

Tlie post-mortem examination showed a markedly cyanotic, barrel-chested boy, 
with marked clubbing of the fingers and toes. The blood vessels of the skin were 
prominent, and appeared as a network of deep purple lines; indeed, all the blood 
vessels throughout the body were extremely prominent. 

Heart . — The heart was markedly enlarged, and weighed 600 Gm. Most of the 
enlargement was due to the enormous hypertrophy of the right ventricle, wliich 
comprised roughly two-thirds of the total volume of the heart. The right ventricular 
wall measured 17 mm. in thickness. The left ventricle was relatively small, and 
its wall measured 14 mm. The right auricle was dilated aad much more prominent 
than the left. The wall of the right auricle measured 2 to 3 mm. in thickness, 
and that of the left measured 1.5 to 2 mm. in thickness. 



Elfr. 1. — Expo.«iirc of riglit ventricle, with probe inserted through the stenotic and 

calcined pulmonarj- valve. 

Tiie congenital abnormalities were numerous. There was complete transposition 
of the aorta, which came directly from the right ventricle. The wall of the aorta 
was slightly thicker than normal, and measured 2 to 3 mm.; otherwise it was 
negative. Tlie ductus arteriosus was completely closed, and there was just a dimple 
on the aortic intima. There was a large intcrauricular septal defect which meas- 
ured 6 cm. in circumference. Just below the aortic valve there was a large inter- 
ventricular defect which measured 5 cm. in circumference. This opened into the 
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loft ventricular cavity just below the pulmonary valve. The pulmonary valve was 
bicuspid, with two well-defined commissures. The diagonal distance between the 
two commissures from their points of attachment on the pulmonary artery was 
2.5 cm. The valve cusps were thickened, fibrous, and fused along most of this 
distance, except at the central portion, where an opening not more than 2 to 3 
mm. in diameter was present (Pig. 1). Attached to one edge of the valve margin, 
undoubtedly adding to the stenosis, was a somervhat granular and calcified vegeta- 
tion which measured 6 mm. in diameter and 15 mm. in length. The pulmonary 
artery was narrow and markedly thinned, and measured not more than 0.3 mm. 
in tliickness. Just above the valve there was an intimal erosion about 1 cm. in 
diameter which was produced unquestionably by the constant irritation of the 
calcified vegetation. The aortic valve measured 8 cm. in circumference, and the 



Fig. 2. Exposure of the chambers of the heart, showing shortening and thickening of 
the chordae tendineae of the tricuspid valve. 


cusps showed slight interadherence at their commissures. In addition, there were 
a few, pinkish-gray, firm, nodular vegetations, measuring 1 to 4: mm , in diameter, 
along the line of closure of the valve cusp. The tricuspid valve (Pig. 2) measured 
11 cm. in circumference and showed slight, but definite, shortening and thickening 
0 the chordae tendineae. Along the line of closure there were numerous, pale- 
je ow vegetations which were as large as 5 mm. in diameter. The mitral valve 
measured 9 cm., ^d was negative. The coronary arteries were patent throughout. 

icroscopic examination of the myocardium showed numerous small foci of fibrosis 
Mp inffltration, but no lesions suggestive of Aschoff nodules could be 

“^'^’'oseopic section of the tricuspid valve showed a degree of 
rosis and increased vascularity which was consistent with rheumatic infection. 

re£r-irdL,™°°^^- fibrotic and calcified to allow an accurate opinion 

regarding previous rheumatic involvement. 
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JAtngs. — Both lungs were uniformly well aerated, and showed no evidence of con- 
solidation. The bronchial arteries were markedly dilated and hypertrophied, and 
inea.sured 4 to 5 mm. in diameter. Microscopic examination of the lungs showed 
no abnormality. 

Kidneys . — The kidneys were tremendously liypertropliied, and, together, weighed 
4.50 Gm. Grossly they were otherwise normal. Microscopic examination showed very 
severe passive venous engorgement and capillary congestion. Many of the glomeruli 
were normal except for congestion. Others, however, showed an increase in both 
endothelial cells and leucocytes which was suggestive of a grade I acute glomerular 
nephritis. Still others were partially or completely liyalinized. Many of the tufts 
sliowed only focal fibrosis or capsular thickening. There were no vascular changes. 
Tlie clianges are best interpreted as being consistent with marked passive conges- 
tion, healed embolic nephrjtis, and terminal acute glomerular nephritis. 

Brain . — In the right temporal region of the brain there was an abscess 4 to 6 
cm. in diameter, filled ndtli a soft, gelatinous blood clot and foul-smelling gray pus. 
Tlicre was no overlying meningitis. 

Bone Marrow . — The bone marrow was deep red in color, and showed marked 
liyperplasia, especially of the erythrocyte scries, with replacement of the fat cells. 

ANATOMIC DIAGNOSES 

Congenital heart disease; Tetralogy’ of Fallot (hypertrophy of right ventricle, 
dextroposition of aorta, intcrauricular and interventricular septal defects, bicuspid 
pulmonaiy valve, with stenosis). 

Blieumatic heart disease. 

Chronic rheumatic endocarditis of the aortic, tricuspid, and (?) pulmonary valve. 

Endocarditis, healed bacterial, with calcification, of the pulmonarj’ valve. 

Xophriti.« (healed embolic and acute glomerular, grade I). 

Cerebral abscess, right temporal lobe. 

Clironic passive congestion, marked, of the liver, spleen, and kidneys. 

Hypertrophic pulmonary osteoarthropathy, marked. 

Hyperplasia of bone marrow. 

Cyanosis. 

jMET.!VBOLIC STUDIES 
METHODS 

During the first admission the patient was transferred to the research ward, and 
controlled studie.-J of intake and output were made during six periods. The 
customary precautions were e.xcrcised. The preparation of food, collection of 
excreta, :ind the methods for analysis of the various constituents have been 
de.s<‘ribed.fi. " A preliminaiy period of three days was allowed for the patient to 
ai)I)roaeh equilibrium on the constant diet. The diet contained 28S Gm. of carbo- 
hydrate, .'iS Gm. of fat, and Cl Gm. of protein. The calculated calories amounted 
to l.TriO. .iVfter ingestion of the diet for three days. Period 1 was begun Xov. 2G, 
1057. It continued for five days, was followed by a second five-day period, and 
then by a four-day period. Period 4 was begun Dec. 10, 19.37. On that day 10 
Gm. of ure:i were given by mouth. On the first and second day of Period 5, S Gm. 
of ammonium chloride were given orally. On the first and second day of Period 
<■>. 29 Gm. of soditiin bic;irbonatc were given by mouth. This period terminated 
:ifter three days. All of the urine excreted was saved and partitioned into twenty- 
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four-hour specimens. An aliquot of each day’s sample was analyzed for the 
various acid and base constituents. An aliquot of the diets and stools was analyzed 
for each period. The observations are summarized in Table I. Arterial and 
femoral venous blood was drawn on several occasions. Oxygen capacity, oxygen 
and carbon dioxide content of whole blood, and the concentration in the serum 
of total fixed base, sodium, potassium, calcium, chloride, bicarbonate, phosphate, 
and protein were ascertained (Table II). Experimental observations upon equili- 
brated whole blood were collected for the construction of oxj^gen and carbon dioxide 
dissociation curves. 

RESULTS 

The concentration of the constituents of the blood, especially oxygen 
and carbon dioxide, showed marked variations from normal. The oxygen 
capacity, 32.7 to 35.4 volumes per cent, as well as tlie oxygen saturation 
of arterial blood, 58 to 61 per cent, are critical values. Greater varia- 
tions from the normal have not been reported, and most likely are in- 
compatible vdth life. 
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PE- 
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IN- 
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OUT- 
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TAKE 

IN- 
TAKE j 

PUT 




1 

November 

Sodium 

288 

tsm 

389 

31 

+ 7.8 



26- 

(m.eq.) 




57 




December 

Potassium 

275 


179 

+ 7.8 



1 

(m.eq.) 

Calcium 

32 


1 

47 

- 3.2 




(m.eq.) 

Cliloride 

287 

171 

449 

11 

- 0.5 



1 

(m.eq.) 

Pliosphate 

3,720 


2,373 

1,600 

- 50. 




(mg.) 

Nitrogen 

50.0 


44.2 

4.7 

-f 0.2 
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2 

December 

Sodium 

277 

171 

433 

23 

- 1.0 



1-6 

(m.eq.) 

Potassium 

255 


170 

51 

+ 6.8 




(m.eq.) 

Calcium 

33 


2 

46 

- 3.0 




(m.eq.) 

Chloride 

312 

171 

401 

9 

+ 2.6 




(m.eq.) 

Phosphate 

3,205 


2,439 

1,288 

-124. 




(mg.) 

Nitrogen 

48.3 


44.7 

5.2 

- 0.3 




(Gm.) 
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Sodium 
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16 

+ 4.0 
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Potassium 
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+ 4.8 
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Calcium 

27 


2 

34 
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Phosphate 
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Nitrogen 
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292 

11 

-t 15.5 

10 Gm. urea, 


10-14 
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Potassium 
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152 

29 

+ 9.5 

orally 

1 


(m.eq.) 

Calcium 

25 


1 

1 

22 

-t- 0.5 




(m.eq.) 

Chloride 

243 

137 

303 

4 

+ 2.8 




(m.eq.) 

Phosphate 

2,700 
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1 
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5 
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Sodium 

231 

137 
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19 

- 18.5 

16 Gm. am- 
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Potassium 

(m.eq.) 

Calcium 

226 


193 

52 

33 

- 4.7 

- 2.5 

monium 

chloride, 
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25 


1 




(m.eq.) 

Chloride 
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436 

608 

10 

+ 16.8 
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Phosphate 

2,912 


[ 1,926 

1,043 
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Nitrogen 

43.1 
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■f 0.5 1 




(Gm.) 







G 

December 

Sodium 

168 

579 

257 

34 

-1152.0 

40 Gm. so- 

18-21 

(m.eq.) 

Potassium 

(m.eq.) 

Calcium 

164 


77 

40 

35 

+ 15.7 

- 6.0 

dium bi- 
carbonate, 
orally 




18 


1 




(m.eq.) 

Chloride 

173 

103 

215 

8 

+ 15.6 




(m.eq.) 

Phosphate 

2,202 


855 

1,292 

■f 15. 




(mg-) 

Nitrogen 

30.8 


29.5 

5.0 

- 1.2 




(Gm.) 








just before death. The A’^enous (Ve) point Avas obtained from analysis 
of femoral venous blood. 

The eell volume Avas the greatest that we have observed in any patho- 
logic state. The cell volume Avas 85 per cent or more, except for a short 
time after the Avithdrawal of large amounts of blood for chemical studies. 
The erythrocytes AA^ere but slightly hypochromic,® and contained almost 
a normal concentration of hemoglobin. 

There Avas a profound acidosis. The carbon dioxide content of the 
serum Avas reduced about 8 m.M. per liter (18 volumes per cent) below 
the average normal. The pHg was less than 7.30. The ingestion of 
16 Gm. of ammonium chloride accentuated the acidosis, whereas the in- 
gestion of 40 Gm. of sodium bicarbonate increased the carbon dioxide 
content of whole blood above normal and restored the pHg to normal. 
The content of bases and the other acid constituents in the serum was 
ascertained, and, except for potassium and phosphate, there was no 
significant deviation from the normal. The concentration of potassium 
was as high as 7.4 m.eq. per liter, and of phosphate, 2.2 m.eq. per liter. 
Since the nonprotein nitrogen varied from 45 to 54 mg. per 100 c.c., it 

was assumed that the phosphate elevation, also, was associated with renal 
insufficiency. 
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The urinary excretion of ammonia and titratable acid, and its pH, 
were remarkably constant. In the first four periods the daily ammonia 
production ranged from 23 to 29 m.eq. It was little afieeted by the in- 
gestion of 8 Gm. of urea. After ammonium chloride ingestion, it in- 
creased to a maximum of 59 m.eq. Following the ingestion of sodium 
bicarbonate, it decreased to 9.8 m.eq. The titratable acid and hydrogen- 
ion concentration showed little variation except after sodium bicarbonate 
ingestion. There was a slight negative calcium balance in most periods 
(Table I) . This has been the usual finding in our experience with pa- 
tients on a constant metabolic regime, especially those whose activity is 
restricted. The patient was in nitrogen and phosphate balance through- 
out the study. A positive potassium balance was noted in all periods 
except Period 5. Presumablj’’, this was associated with the elevated 
potassium in the serum. After the ingestion of urea and sodium bi- 
carbonate there was a significant retention of sodium. A negative 
balance followed ammonium chloride ingestion. The. patient was in posi- 
tive chloride balance in Periods 5 and 6. Equilibrium was established 
in the other periods. 

DISCUSSION 

The history and physical signs made a diagnosis of congenital heart 
disease in our case quite certain. It was predicted that the anatomic 
defects would be similar to those characterized as the tetralogy of Fallot.® 
This was confirmed at post-mortem examination, at which the following 
cardiac abnormalities were evident : hypertrophy of the right ventricle, 
dextroposition of the aorta, pulmonary stenosis, and an interventricular 
septal defect. There was, in addition, an interauricular septal defect. 
The age at which the patient died is above the average but does not 
approach the longevity reported elsewhere. Many patients with the 
tetralogj'- of Fallot die before adolescence, but some live to the third and 
fourth decade; the record to date is fifty-nine years and eight months,^® 
hut one of us (P. D. W.) has under observation at present a woman, 66 
years of age, with undoubted clinical evidence of the disease, who is 
stih in fair health; evidently it is a mild case. 

It is of interest to trace briefly the history of the recognition of the 
congenital cardiac anomaly now widely known as the tetralogy of Fallot. 
Fallot, in 1888, did not pretend that he was the flrst to describe the 
anomaly, but he did a service to medicine by pointing out that at least 
three-quarters of all persons who show cyanosis and clubbing of the 
fegers from infancy do have this tetralogy of defects. Thus, without 
nrther ado or study, the chances are at least 3 to 1 that such persons 
mve the anomaly; physical examination (showing little evident cardiac 
enargement and only a pulmonary sj^stolic murmur), the electrocardio- 
gram (with its high degree of right axis deviation and normal rhythm), 
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and the roentgenographic contour of the heart (more or less sabot- 
shaped, ■with prominent aorta, and small pulmoiiary arterial tree) con- 
firm tlie diagnosis. 

As one consults early medical literature, one finds more and more case 
reports, autopsies, in the main, of what has since been called the 
tetralogj’ of Fallot. We have found no reference to this sjmdrome, 
however, before the eighteenth centurjL Bonetus^^ did not describe such 
a case in his Sepulchretum, in 1679, nor did ]\Iangetus^^ in the second 
edition of tlie Sepulchretum, in 1700. In the eighteenth century there 
was the report by I\Iorgagni^^ of a case of pulmonary stenosis in a girl, 
aged 16 years, who had been cyanotic since birth. The right ventricle 
and right auricle were very large, and there was said to be a patent 
foramen ovale. Sandifort,“ in 1777, reported similar abnormalities 
in a boy who died at the age of 12 years. Early in the nineteenth cen- 
tury tlie physiologic disturbances associated with congenital heart dis- 
ease were presented ablj^ by Parre.^“ He reported several cases of 
cyanosis and clubbed fingers in which the tetralogy was demonstrated at 
post-mortem examination. Gintrae,^® in 1824, and Peacock,^" in 1858, 
described additional cases. It was not until 1888 that PaUot’s'’ de- 
scription was published, and this dates the eponym. 

Our patient was a semi-invalid during the last jmar of his life. He 
refused, however, to be considered as one. He was above the average 
scholastically and, in spite of the physical handicap, made a commend- 
able record at his studies. On physical examination, the clubbing of the 
fingers was striking. It was largely soft tissue hypertrophy, however, 
as no tufting of the terminal phalanges was evident roentgenologicallJ^ 
The external ears were paper-thin and prominent. The pigmentation 
of the skin of the extremities, which has been observed in other patients 
with morbus caeruleus,^®’ as well as in patients suifering from chronic 
mountain sickness,® presumably is associated with anoxemia and pe- 
ripheral venous stasis. 

It was believed, from the clinical evidence, that the patient had ex- 
perienced attacks of acute rheumatic fever between the ages of 10 and 
12, as well as subacute bacterial endocarditis while under observation 
eiglit or nine months before death. The presumptive diagnosis of sub- 
acute bacterial endocarditis was based upon the presence of fever, 
hematuria, failing cardiac reserve, pleural pain, -^Hth a friction rub, and 
abdominal cramps (? embolic). If bacterial endocarditis develops in a 
case of congenital heart disease, usually it is a terminal,-® rather than 
an intercurrent, event. Our patient was not treated with any specific 
drug, such as a sulfonamide derivative, or with any immune vaccine or 
serum. Neverlhele.ss, the calcified vegetations discovered at the post- 
mortem examination strongly supported the clinical observation that he 
liad recovered from an endocarditis. It has been stated previousl}' that 
several blood cultures showed no growth. The failure to cultivate from 



TALBOTT ET AL. ; TETRALOGY OP FALLOT 


767 


the blood and identify a pathogenic organism is evidence against, hnt 
does not rule out, the diagnosis of subacute bacterial endocarditis, 
especially in congenital heart disease. In fact, it may be extremely 
difficult to isolate the organism in subacute bacterial endocarditis which 
is superimposed upon a congenitally deformed heart.^^ Since rheumatic 
lesions, as well as those of subacute bacterial endocarditis, may calcify, 
the question of which malady was responsible must be answered by the 
pathologic studies. These offer conclusive evidence that the patient 
suffered first fi’om rheumatic heart disease and later from subacute 
bacterial endocarditis and that the bacterial endocarditis increased the 
stenosis of the already congenitally stenosed pulmonary valve. 

One observation of obscure significance during life was the constant, 
well-marked, early diastolic murmur at the base of the heart, which was 
interpreted as due to aortic regurgitation, despite a normal pulse pres- 
sure. We did not know whether this aortic regurgitation was to be 
ascribed to a complicating rheumatic aortic valve disease, or to dilata- 
tion of the aortic ring simply as the result of the markedly increased 
aortic output. It turned out that the latter was the correct explana- 
tion; we have encountered it in one other ease of the tetralogy of Fallot, 

Death was precipitated by a cerebral abscess. Although the cardiac 
reserve Avas strained to the breaking point, death was not caused by 
cardiac failure, per se. Just as the blood appeared to be sterile during 
what we deem was an attack of endocarditis, so was it sterile when a 
diagnosis of cerebral abscess was apparent, and, at autopsy, no growth 
was seen in a culture of the blood from the chambers of the heart, A 
culture from the cerebral abscess alone shoAved pathogenic organisms. 
These Avere colon bacilli and Gram-positiA'^e cocci in clusters. The in- 
cidence of cerebral abscess in patients with a sizable septal defect is 
belieA^ed by Abbott to be more than coincidence.^^ UabinoAvitz and his 
associates'^ AA^ere Avilling to go so far as to state that “the presence of 
an idiopathic brain abscess should lead one to suspect the possibility of 
the presence of a congenital cardiac defect. ’ ’ 

The concentration of the gases in the blood and the results of the 
metabolic studies AA'-ere as interesting as the clinical and pathologic 
obserAmtions. It is believed by us that the concentration of the gaseous 
constituents of the arterial blood approached the extreme limit of varia- 
tion from the normal, beyond Avhich life cannot be maintained. In spite 
of the deviations from normal, the body had made a remarkably ade- 
quate adjustment, and death Avas caused by an infection in the brain, 

not directly from inadequate oxygen transport or recurring cardiac 
failure. 

The cell volume varied from 82 to 87 per cent, and the oxygen ca- 
pacity, from 32.7 to 35.4 vol. per cent. The concentration of hemoglobin 
’n le AA’liole blood increased the density to such an extent that the blood 
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seemed almost to congeal in the veins. The blood Avas so viscous that, 
during an arterial or A^enous puneture, the plunger of an oiled syringe 
liad to be AAuthdraAA'n forcefully in order to introduee blood into the 
barrel. Tlie viscosity of the blood offered considerable peripheral re- 
sistance and imposed a real burden upon the myocardium. 

The o.xygen saturation of the arterial blood varied betAA^een 62 and 58 
per cent. The former Amlue AA-as obtained AAdien the patient AV'as ambula- 
tory; the latter A\'as obtained onty a fcAA’ hours before death. Approxi- 
mately a year elapsed betAveen the tAA'o observations. Very fcAv studies 
of the oxygen saturation of the arterial blood of patients AAuth congenital 
heart disease have been reported since Van Slyke’s development of the 
manometric blood gas analyzers made them possible. To the tAA^enty 
eases reported in the literature Ave have added five of our oAvn, and 
summarized the pertinent data in Table III. Certain data, only, on 
patients M. G., E. R., H. W., and D. S., Avho Avere seen by us, are in- 
cluded in the table. Other observations made upon these patients aauII 
be described in detail elscAA'Iiere. 

It is apparent that, Avhen the arterial oxygen saturation approaches 
60 per cent, oxygen transport, CA^en at rest, becomes a critical problem, 
and life cannot long be maintained. A similar conclusion AA^as reached 
in our studies in the Chilean Andes. The loAvest saturation in a perma- 
nent resident at 17,500 feet A\-as 67 per cent.® At 20,100 feet the oxygen 
saturation of the arterial blood of a temporary resident Avas 55 per 
ccnt.-^ Both observations AA-ere made on persons aaOio Avere healthy and 
physically sound. The permanent residents at 17,500 feet admitted no 
symptoms except dyspnea on exertion. The temporary resident had no 
distressing symptoms AAdiile living at 17,500 feet, but complained bitterly 
of headache, anorexia, and fatigue after living at 20,100 feet for tAventy- 
four hours Avith an oxygen saturation of 55 per cent. The subject re- 
mained ambulatory in spite of these symptoms and an uncomfortably 
loA\- environmental temperature. It is notcAA'orthy that patients Avith 
morbus eaeruleus may remain ambulatory AAdth an improperly func- 
tioning heart and a blood oxj’-gen saturation Avhieh corresponds to that 
at an altitude of approximately 4 miles. Of course, many patients Avith 
congenital heart disease become adjusted to a progressive diminution in 
the partial pressure of oxygen in the blood over a long period of time, 
just as residents at high altitudes become adjusted. 

These studies cast considerable doubt upon the assumption that the 
symptoms Avhich are sometimes attributed to chronic carbon monoxide 
poisoning-® arc produced by recurrent anoxemia, per se. It cannot be 
denied that repeated exposure to small amounts of carbon monoxide may 
produce a syndrome that is recognized as carbon monoxide poisoning. 
The symptoms, however, should be attributed to some factor or factors 
in addition to mild anoxemia. The obsei'Amtions of Asmussen and Chiodi, 
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recently reported, support this contention. These investigators studied 
oxygen deficiency in normal human subjects by two different procedures : 
(1) by replacing a part of the oxyhemoglobin with carbon monoxide 
hemoglobin, and (2) by allowing the subject to breathe a gas mixture 
which was low in oxygen. Anoxemia produced by partial carbon 
monoxide poisoning elicited little or no respiratory response and had 
little or no effect upon cardiac output. On the other hand, a diminished 
pai’tial pressure of oxygen in the inspired air produced pronounced 
hyperventilation and an increase in cardiac output. 
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-Carbon dioxide di.ssociation curves of patient D. B. plotted on logarithm paper. 


Our ])atient witli congenital heart disease was placed in an oxygen 
lent and allowed to breatli for forty hours a gas mixture which con- 
tained 50 per cent oxygon. No marked increase in the oxygen saturation 
of the arterial blood followed this treatment, and onlj^ slight symp- 
tomatic imjn’ovemeiit was admitted. Hemsath, et al.,^' and Richards, 
ct al.,-’’ have reported similar re.sults. It is concluded that oxygen 
lliera]\v is inoficctive in increasing the transport of oxygen to the tissues 
of patients with a right-to-left heart shunt. The explanation is readily 
.i])jjarent. OxAgon thera])y increased the partial pressure of oxygen only 
in the yuilmonary circuit. In morbus caeruleus the arterial blood is 
satuiated about, as completely in these ve.ssels as it is normally, even 
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tliougli the saturation in the peripheral arteries is reduced considerably. 
Since oxygen therapy does not alter the arteriovenous shunt, it cannot 
he expected to increase the supply of oxygen to the tissues. 

Femoral venous blood was investigated on two occasions. At the first 
observation the saturation of oxygen was 48 per cent, or approximately 
20 per cent below normal. It decreased to 44 per cent following pro- 
longed oxygen inhalation. This change is not significant. 

There is some theoretical basis for the assumption that there may be 
a direct correlation between unsaturation of blood and increase in 
oxygen capacity in healthy persons. The Andean studies^^ showed that 
this assumption was a good approximation. The data on congenital 
heart disease are more discordant. The association of a serious disease 
with anoxemia is probably responsible for the wide scattering. 

It would be interesting and might be clinically important if informa- 
tion were available concerning the amount of blood that passes through 
the cardiac shunt. An earnest, but unsuccessful, attempt was made to 
measure the cardiac outiDut with the aeetjdene method. We were forced 
to rely, therefore, upon the formula described by Lundsgaard and Van 
Slyke,^'’ which is approximate and not precise. The application of our 
data to the formula indicated that nearly three-fourths of the blood 
which circulated through the heart was not aerated in the lungs. 

Changes in the carbon dioxide content of the arterial blood are as 
characteristic of morbus caeruleus as are changes in oxygen content. 
AVhen the malady is advanced and the diagnosis is obvious clinically, 
there are a diminished content of cai’bon dioxide in the blood, a diminu- 
tion in the height of the carbon dioxide dissociation curve (Fig. 4), and 
a decrease in the partial pressure of alveolar carbon dioxide.®®'®^ 
Abbott,®® with the collaboration of Boothby, was the first to consider 
theoretically the variation in carl^on dioxide during the respiratory cycle 
in congenital heart disease. In 1912 they postulated an increase above 
normal in the difference in carbon dioxide content of arterial and venous 
blood. The difference is approximately 4 volumes per cent®® in healthy 
persons, whereas, in the case of D. B., it was nearly 9 volumes per cent. 
The total carbon dioxide content of the arterial blood was markedly 
reduced. The average range for normal persons is from 46 to 54 per 
cent. AVe chosen 48 as a mean value. One of the lowest values for 
any patient with congenital heart disease listed in Table III was ob- 
served in the case of D. B. This was 31.1 volumes per cent. Few ex- 
ceeded 40 volumes per cent. The partial pressure of cai’bon dioxide in 
the alveolar air showed a similar decrease. The average value for nor- 
mals is approximately 40 mm. Hg. It is usually below 30 mm. in patients 
vith advanced morbus caeruleus. 

Finally, variations in the hydrogen-ion concentration may be calculated 

lom the carbon dioxide data. It is the custom when studying trained 
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subjeels ■witliout a cardiac or a pxalmonaiy defect to make the calculation 
for pHs from the observations on alveolar pCOo and the carbon dioxide 
content of arterial blood.^''* An alternate procedure is to construct a 
set of cai'bon dioxide dissociation curves, ascertain the carbon dioxide 
content of arterial blood, and locate the arterial point on the constructed 
gi’aph. The calculated pHs should be the same by either method. If 
tlie pHs of arterial blood is desired in cases of morbus eaeruleus, the 
second procedure must be employed. The alveolar pCO, cannot be 
utilized because it does not represent the partial pressure of carbon 
dioxide in the peripheral arterial blood, but onlj’’ that of arterialized 
blood in the pulmonary circuit. All of the pHg values given in Table 
III, except that of kleyer,^^ were obtained by this procedure. Except 
for this observation and that of Mainzer,^^ all of the values for pHs are 
7.40 or less. The lowest was 7.25, in our case (D. B.). 

It is apparent that the blood gas concentrations in patients with 
morbus eaeruleus deviate consistently from the normal, and this, we 
believe, is characteristic. They include an increased oxygen capacity, 
a decreased oxygen saturation and a decreased carbon dioxide content of 
arterial blood, a decreased partial pressure of alveolar pCO,, and a de- 
creased arterial pHs. 

The patliogenesis of the unsaturation of arterial blood is most likely 
mechanical. Unsaturated venous blood from the right side of the heart 
is shunted through the septal defect or into the aorta, and thence into 
the periplicral circulation without passing through the lungs. The 
physiologic and pathologic effects cannot be altered as long as the 
anatomic defects persist. A progressive increase in the oxygen capacity 
follows the prolonged anoxemia. The mechanism of the increase is 
probably similar to that observed in dwellers at high altitudes. The 
pathogenesis of the variation from normal in carbon dioxide content and 
pHr is more difficult to ascertain. 

Tlie lowering of tlie carbon dioxide content of the blood and the de- 
creased partial pressure of alveolar carbon dioxide have been attributed 
to hyperventilation. Such a phenomenon may contribute, but it is not 
solely responsible. Uncomplicated hyperventilation does not produce 
acidosis, as is observed in congenital heart disease, but alkalosis.®® 
Furthermore, only a portion of the blood which enters the peripheral 
arterial system traverses the pulmonarj^ circuit and is available for ex- 
posure to hyperventilation. Nor is anoxemia mainly responsible for the 
changes in carbon dioxide. The profound anoxemia at high altitudes®^ 
is associated with pai*allel decreases in alveolar pCO, and the carbon 
dioxide content of arterial blood. The ratio of free to combined carbon 
dioxide tends to remain constant, so that the pHs shows little variation 
from normal. Thus, neither hyperventilation nor anoxemia is re- 
sponsible for an uncompensated acidosis. 
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An increased concentration of acid in the blood could account for all 
of the variations. No adequate study of the acid-hase balance of the 
blood of patients with congenital heart disease has ever been reported. 
Our observations (Table II) are comprehensive and instructive. The 
concentrations of the individual bases show a slight decrease in serum 
sodium and a slight increase in serum potassium. The sum of the bases, 
however, although it is at the lower border of normal, is not below 
normal. A deficiency of base, therefore, cannot be held responsible 
for the acidosis and diminished alkaline reserve. The acid side of the 
balance column should be reviewed next. Complete acid-base data for 
Dee. 10, 1937, are assembled in Table IV. The concentrations of all 
of the constituents are expressed in milliequivalents per liter. In this 
sample of serum the concentrations of chloride and phosphate were 
normal, whereas that of proteinate was a low normal. The concentra- 
tion of bicarbonate was reduced about 10 m.M. per liter; this amount 
had been replaced by an equivalent amount of undetermined acid. This 
sample of blood does not represent the extreme, for other samples from 
D. B. showed even greater amounts of undetermined acids. The nature 
of the undetermined acid is not known. Ketone bodies were not present 
in any routine urine specimen that was examined. The content of lactic 
acid was not ascertained, but it is unlikely that this acid accounted in 
large part for the undetermined excess. Increased production of organic 
acids, as well as diminished renal excretion of these and normally ap- 
pearing acids, was probably operative. The evidence in favor of an in- 
creased production of organic acids is indirect. In other conditions 
associated with renal failure, such as bichloride of mercury poisoning, 
an increased production of organic acid has been assumed. 


Table IV 

Acid-Base Constituents op the Serum on Dec. 10, 1937 
(Concentrations are expressed in milliequivalents per liter.) 


BASES 1 

ACIDS 

Sodium 

135.9 

Chloride 

105.6 

Potassium 

6.3 

Bicarbonate 

18.2 

Calcium 

4.5 

Proteinate 

12.8 

Magnesium 

1.5* 

Phosphate 

1.7 

Total fixed base 

148.2 

1 13S.3 


•Assumed. 


Studj'^ of renal function and quantitative estimation of renal in- 
sufficiency in patients with congenital heart disease has not been pursued 
intensively by many investigators. Mainzer,®® Irvine- Jones,®® Hitzen- 
’ei'ger and Tuclcfeld,®® Leadingham,^® and SegalD^ are the only authors 
that we have discovered ivho have referred to the subject. In a survey 
0 100 cases of congenital heart disease, Irvine-Jones noted that al- 
buminuria had been reported in thirteen. Few showed eylinduria. It 
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was apparent to liim that the presence of albiiminnria was associated 
witli a rapidly fatal outcome. Albuminuria, erythrocytes, and casts 
were noted in the urine of the patient reported by Segall. At autopsy 
the kidneys showed parenchymatous degeneration, but no evidence of 
nepliritis. Similar ebnieal observations were made in klainzer’s case, 
but no autopsj’’ findings Avere reported. Hitzenberger and Tuckfeld®” 
noted large amounts of albumin and many erythrocytes and leucocytes 
in the urine of the patient described by them. The blood pressure was 
140/115. Since the patient was only 26 years of age, the elevation of 
the diastolic pressure, together A\dth the urinary abnormalities, points 
toward severe renal damage. The concentrations of the gas constituents 
in the blood Avere similar to those in our case. 

Evidence of renal insufficiency in our patient Avas striking and per- 
sistent. The concentration of nonprotein nitrogen in the serum varied 
bel-Aveen 42 and 54 mg. per 100 c.c. during the 3^01' before death. The 
maximum specific gravit3' during tAVO urine concentration tests Avas onl}’’ 
1.018. The ability to excrete phenolsulphonphthalein Avas impaired like- 
Avise. In the first tAvent3'-five minutes after the intravenous injection of 
the dye, 01113^ 20 per cent Avas excreted, or 0.8 per cent per minute. 
A normal person should excrete 1.7 c.c. per minute during the first 
fifteen-minute period. Finall3’-, intravenous pyelography shoAA^ed poor 
excretion of diodi’ast. 

The intake and output studies furnished additional eAudence that 
the kidneys functioned pooi'ty and AA'ere unable to participate effectively 
in regulating tlie acid-base balance of the blood. The pH and titratable 
acid of the urine Avere fixed except during the period of sodium bi- 
carbonate ingestion. It is significant that the ingestion of ammonium 
chloride had little effect upon the urinaiy pH. It is believed that the 
above-mentioned values Averc constant because of a decrease in abilit 3 ’’ 
to form ammonia. Ammonia excretion Avas inci’eased aboAm the fixed 
dail3' amount only after the ingestion of ammonium chloride. Ea^bu 
lliese variations Avere not great. It is possible that the kidne3"s had 
become intolerant to the persistent acidosis and AA^ere less labile in the 
formation of ammonia than formerl3^. A complicating and equall3^ im- 
poi-tant factor in the pathogenesis of the renal insufficienc 3 ^ Avas 
anoxemia. It is presumed b3' us that anoxemia ma3^ produce disturb- 
ances in kidney function Avithout undei'l 3 'ing, demonstrable, morphologic 
changes. At least it can be stated that at autop.S3^ no anatomic changes 
Avere observed in the kidne 3 's AA’hich could explain all of the above- 
mentioned findings. 

It is rogi’ettable that the clearance rates of inulin and creatinine Avere 
not ascertained in the case of D. B. These observations were collected 
on E. TJ., hoAvever, and the results are probabh' applicable. E. B. had 
morbus cacruleus, but Avas le.ss handicapped than D. B. The clinical 
evidence of renal in.sufficienc3' aatis .similar. The inulin clearance of the 
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plasma in the case of E. E. Avas 65 e.c. per minute, and, of creatinine, 
83 e.c. per minute. The normal values are 100 c.e. and 140 c.c., re- 
spectively. It is to be hoped that further observations on renal function 
hi cases of morbus caeruleus will be made in the future. 

SUMMARY 

Clinical, metabolic, and pathologic studies of a patient with advanced 
morbus caeruleus (tetralogy of Fallot) are reported. The patient died 
at the age of 19, and had been eyanosed since the age of 2. He was 
proficient scholastically, and, until a year before death, suffered a 
minimum of handicap from his malady. He was thought to have had 
rheumatic fever at the age of 9 and subacute bacterial endocarditis 
during his last year of life. A colon bacillus abscess of the cerebrum 
was immediately responsible for death. 

The metabolic investigations revealed a profound variation from the 
normal in the acid-base equilibrium of the body, and changes in renal 
function. As much as 75 per cent of the blood in the cardiac chambers 
was thought to traverse a right-to-left shunt. The oxygen saturation of 
the arterial blood varied betAveen 62 and 58 per cent. These are critical 
levels for human existence. The oxygen capacity AAms about 35 volumes 
per cent. The carbon dioxide content of the arterial blood Avas less than 
33 volumes per cent. The arterial pHs wms less than 7.29. A profound, 
uncompensated acidosis AAms attributed to the increased concentration 
of undetermined acids and failure of the respiratory center to maintain 
the usual balance, betAveen free and combined cai’bon dioxide. The 
functional insufficiency of the kidneys was attributed to anoxemia, 
ATiious congestion, and acidosis. 
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THE DISTRIBUTION OF SURFACE POTENTIAL ON THE 
CHEST IN INTRAVENTRICULAR BLOCK 


A. Bohning, M.D., L. N. Katz, M.D., and R. Langendorf, M.D. 

Chicago, III. 

R ecently avg re-examined a series of 176 cases of intraventricnlar 
bloek,^ and found that they fall into four major categories: the 
common, the nneommon, and the first and second indeterminate types. 

In the common type, QRS^ is npright and of the A or \/\ type 
(with tlie finst in Averted phase tiny), and Tj is iiwerted or diphasic, 
Avliereas QRS.^ is nsually iiiA^erted and of the V or N type (but may he 
upright), and T,., is usually upright (but may be iuA^erted). 

In the first indeterminate type, QRS^ is upright and of the N or "NV 
type, and T^ is inA'erlcd or diphasic; it differs from tlie common type 
in liaA'ing a small inA^ertcd final phase; QRS3 is usually iiwerted and 
of the N or M tA^DC, and T3 is upright. 

In the second, indeterminate type, QRSi is diphasic and of the N type, 
Avith a deep, prolonged Si; Tj is usually upright. It differs from the 
uncommon type in liaAung QRSj diphasic instead of mainly inverted. 

In the uncommon type, QRSj is inA^erted or mainly inverted and of the 
N, or rarely V, ; usually there is a deep Sj, and Tj is upright. QRS^ 
is upright, and T 3 is usually im^erted. 

IMeasuremenls of the Q-E interval, nametyj the interval from the on- 
set of QRS to tlie onset of the subelaA'ian arterial pulse, led to the con- 
clusion that the common type of intraventricular block is most often 
associated AA-ith delay in the left Amiitricle, and that the uncommon and 
the tAA’o indetetminatc tyiies are not associated AAuth delay in the left 
ventricle, hence, presumably, AAUth delay in the right ventricle.^ Hoav- 
ever, exceptions AA^ere found ; especial^’ frequent Avas the lack of eAudence 
of Q-E prolongation in the common type of intraventiacular block. 

It seemed to us that this augav could be checked further by ascertain- 
ing the distribution of the surface potential OA^er the chest during Amrious 
phases of the inscription of QRS, utilizing the method preAuously de- 
scribed by us.- For this purpose leads AA-ere taken entirely encircling 
the chast at the levels of the second and of the fourth intercostal spaces 
at the sternal margin in tAvelA'c of these cases of intraA^entricular block. 

From the CarJlovascular Department. Michael Reese Hospital, Cliicago. 

the A. D. Nast Fund for Cardiac Research and tlic A. E. Kiippenlicimer 

Received for inihlicatlon April 1, 1911. 
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RESULTS 


Chest Lead Yariatiom in the Different Types of Iniraventricnlar 
Block . — Typical examples of the records obtained are slioA^m in Figs. 1 to 
6.'^' The chest leads in all of the types of intraventrienlar block which 
were studied showed a relationship to the limb leads sunilar to that 
reported for normal and hjToertrophied hearts,^ namelj’’ : 


1. The left midaxillary chest lead at the level of the fourth intercostal 
space was usually almost the exact inverse of Lead I. 

2. Leads at the right scapular region and the right posterior axillary 
area at the level of the second intercostal space were almost identical 
with Lead II. 


3. Leads in equivalent positions on the left side were almost identical 
with Lead III. 

4. The S-T and T segments tended to form a single, continuous 
element. 

5. In the chest leads, as in the limb leads, in these cases of intra- 
ventricular block, the T wave showed a tendency to be directed opposite 
to the major or prolonged phase of QES. 

In addition, it was found that, when one viewed the entire series of 
chest leads in a ease, there was a greater uniformity between eases than 
is apparent when any pair of chest leads is compared. 

In the common type of intraventricular block the chest leads are 
characterized by large QRS deflections at many points ; they are either of 
the V or A type, or of the N or |/| type, and in the latter have a 
tiny preliminary phase. W or M types of QRS either are not seen or 
appear in only one or two positions, but N or ]/| types, with the two 
phases of approximately equal amplitude, occur at a number of points. 
The contour resembles that of left ventricular preponderance, except that 
QRS is prolonged. In all the eases QRS was dovmward, or mainly so, 
in the fourth intercostal space in the posterior part of the left axilla. 
Elsewhere, the direction of QRS was more variable. It may be entirely 
upright when the QRS in Leads II and III is also upright (concordant 
type), or, as in Fig. 1, when QRS is up in Lead II. It may be entirely 
upright over the central part of the front of the chest in the fourth inter- 
costal space, as in Fig. 2, or entirely downward throughout the upper 
chest. With this wide variety of contours, it is difficult to see how the 
scmidirect lead concept developed by Wilson, et al.,^'® can be held, for all 
of these varieties are considered by their school to indicate left bundle 
branch involvement. The variation is accounted for more readily by the 
field theory developed by us, as will be shovm below. 

The indeterminate and uncommon tj’pes of intraventricular block 
have sm aller QRS amplitude, and, at many points, W- and M-shaped 
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•Electi'ocardiograms obtained on a patient with the common type of intraventricular block. Conventions as in Pig. 1. Discussed in text. 
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QES complexes are seen. The former occur especially over a small 
region on the front of the chest in the fourth intercostal space, and 
have phases of about equal magnitude; no large V or A types of QES 
are found. In addition to the "W type, N or \/\ tjqpes of QES, in which 
only the second phase is prolonged, are seen at other points. This is 
especially frequent in the second indeterminate tj’pe (Pigs. 3 and 4), 
and in tlie uncommon tjq^e (Pig. 5). In the first indeterminate type, 
large inverted QES complexes of the M tjqie are recorded from the left 
axilla, as in Pig. 6. This does not occur in the second indeterminate or 
uncommon form. These contours, again like those in the common form, 
are readily accounted for Idj’ the field theory developed below. 
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Pig. 3. — Electrocardiograms obtained on a patient -with tlie second indeterminate 
typo of intraventricular block. Conventions as in Fig. 1. A, in top row, is a lead "with 
tlie cbest electrode over the apex. Discussed in text. At autopsy this heart showed 
multiple infarcts. 


It is thus apparent that intraventricular block can he distinguished in 
the chest leads in the same way as in the limb leads, and that, by study- 
ing both liml) and chest leads, the tAqie can be more clearly established 
than from limb leads alone. 

The Distribution of Surface Potential as Ascertained From Chest 
Leads in the Various Pattemis of Intraventricular Block. — In our 
lirevious communication" we pointed out that the chest leads gave in- 
formation concerning the surface distribution of the electrical field 
created by the heart, and that this could be correlated with the character 
of the spread of the impulse and the spread of the restitution process 
through the heart chambers. The modifications caused hj hypertrophy 
of the heart were shovm to be in harmony with alterations in the mass 
and iiosition of the heart, and did not require the assumption that any 
particular region of the heart determined the character of the deflections 
in any particular chest lead. This general conclusion is supported by 
the evidence obtained from the cases of intraventricular block reported 
here. 











•Elcctrocanliograms obtained on a patient with the uncommon type of intraventricular block. Conventions as in Fig. 1. Discussed in text. 
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Tlie surface potential distribution at given instants of the heart cycle, 
namely, during the inscription of QRS and T, was measured in the 
manner described before, and the charts of the zero potential and of 
maximum negative and positive potential in the horizontal plane at the 
level of the fourth intercostal space ivere constructed in the same manner. 

03 .10 



Fip. 7. — Croi!s-section tliaerams representing llie distribution of surface potential 
at tlie horizontal level of the sternal end of the fourth intercostal space in a case of 
the common type of intraventricular block (concordant variety). Tlie several diagrams 
Illustrate the state of affairs 0.03, 0.10, and 0.32 sec. after the onset of QRS ; the arst 
two are during the inscription of QRS, the last, during the inscription of T. Potential 
values are expressed in terms relative to leg potential, in multiples of 0.1 millivolt. 
The zero potenti.als are emphasized, and the maximum positive and negative potentials 
indicated. Discus.sed in te.xt. 


The same qualifications concerning quantitative accuracy, as previously 
.stated, held here also. This is due to the fact (1) that absolute 
synchrony of the points of time selected in the various leads cannot be 
guaranteed, (2) that the leg (“indifferent”) electrode is not at “zero” 
potential throughout the heart cycle, and (3) that neutralization of con- 
stant body current and in.iury currents from the heart before taking 
the record does not permit evaluation of the true potential levels at each 
])oint. Nevertheless, these inaccuracies do not nullify the value of the 
approach as a first, rough approximation, and do not militate against 
the deductions reached. The surface fields are shown in Figs. 7 to 13 for 
the patients whose electrocardiograms are illustrated in Figs. 1, 2, 4, 5, 
and 6, and for two whose electrocardiograms are not .shown; of the 
latter, one was of the concordant upright type, and the other, of the 
common tyiic, with QFS downward over the entire chest. 
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Fig. S. — Cross-section diagrams representing the distribution of surface potential 
obtained as in Fig. 7 in a case (Fig. 1) of the common type of intraventricular block. 
The several diagrams iilustrate the state of affairs 0.02 and 0.08 sec. (during QRS), 
and 0.30 sec. (during T) after the onset of QRS. Discussed in text. 
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obtained^'^^S^^ diagrams representing the distribution of surface potential 

The seveAi of the common type of intraventricular block, 

sec. (during affairs 0.02, 0.10 (during QRS) and 0.32 

luunng j.) after the onset of QRS. Discussed in text. 
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Fig. 10. — Cross-section diagrams representing the distribution of surface potential 
obtained as in Fig. 7 in another case of the common type of intraventricular block 
witli QRS downward in the chest leads. The several diagrams illustrate the state of 
affairs 0.04, 0.12 (during QRS), and 0.30 sec. (during T) after the onset of QRS. 
Discussed in text. 
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Fig. 11. — Cro.s.s-.'joction diagr.ams representing the distribution of surface potential 
obtained ii.s In Fig. 7 in a case (Fig. 5) of the uncommon type of intraventricul.ar 
block. The several diagrams illinstrate the st.ate of affairs 0.03. O.OC, 0.10 (during 
t)US). and 0.34 sec. (during T) after the onset of QRS. Discussed in text. 
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Eig. 12. — Cross-section diagrams representing the distribution of surface potential 
obtained as in Fig. 7 in a case (Fig. 4) of the second indeterminate type of intra- 
ventricular block. The several diagrams illustrate the state of affairs 0.02, 0.04, 0.08 
(during QRS), and 0.28 sec. (during T) after the onset of QRS. Discussed in text. 
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obtainprt diagrams representing the distribution of surface potential 

tricular wLv ^ a case (Pig. 6) of the first indeterminate type of intraven- 

(durinir diagrams illustrate the state of affairs 0.04, 0.08, 0.10 

B yKS), and 0.28 sec. (during T) after the onset of QRS. Discussed in text. 
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In intraventricular block, as Avork from this department has shown, the 
effect of the block itself must be differentiated from the associated 
elianges in lieart contour, mass, and position."'^” Both will influence the 
three dimensional character of the spread of the impulse and of the 
restitution processes which are responsible for the creation of the elec- 
trical fleld during QKS and T. 

Variations in the field AviU thus be determined (1) by the location 
of the block or blocks, since more than one site may be involved, and these 
need not be precisely the same from heart to heart, and (2) by differ- 
ences in the contour and position of the heart and the mass of its various 
chambers. 

The chief difference between the common t;^TDe of intraventricular 
block and the other Amrieties is the fact that the former has tAAm phases 
in the dcA'clopment of the field dui'ing the spread of the impulse (QES), 
and the latter have three. There ai*e, in addition, strildng differences in 
the direction of the field both during the spread of the impulse and 
during restitution. The differences Avill be more apparent after dis- 
cussing the surface field in each type and subdivision of intraventricular 
block. 

In the common type of intraventricular block there Avas a similarity 
of the surface fields in the four cases shoAAUi AA^hich is typical of the 
series; the differences are chiefly that zero lines vary in their initial 
jmsition and rotate to different degrees in a clockAAuse direction Avhen 
vieAved from above, and that in one form (Fig. 10) the negative field 
seems to be located chiefly posteriorly, beloAV the level pf the fourth inter- 
costal space. Further, the electrical field during inscription of the T 
Avave is opposite in direction to that during the inscription of most of 
QRS. The field developed during the inscription of QRS in common 
intraventricular block resembles that in left ventricular preponderance, 
and so docs that of the T AvaA^e, aside from the time constants. This 
Avould indicate that the spread through the left ventricle dominates the 
electrical field, and so lends support to the aucav that the block is chiefly, 
if not entirely, in the left A’-entricle. The restitution is such as to indicate 
a lag of recovery in the left A’^entricle, AA'hich Avould also support the 
vicAv that the block Avas chiefly in the left Auntricle. 

The A-ariations among these patients in the pattern of the fields is 
attributed, as mentioned aboA^e, to differences in the position of the 
heart, the relative hypertrophy of the tAvo venti'ieles, and the exact 
location of the areas of block. Some clue as to the degree to Avhich 
hynertrophy of the left ventricle determines the field can be obtained 
from a knoA\-ledge of the degree of hypertrophj" present and from the 
amount of prolongation of the Q-E intei'A'al. The shorter the Q-E 
inter\'al and the greater the left A’cntricular hj'pertrophy, the more must 
the deviation from normal in the field be ascribed to the hypertrophy. 
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other influences, notably, loss of large masses of muscle as a result of 
disseminated, small and confluent, recent or healed infarcts will like- 
wise play their role in altering the electrical field. 

In the uncommon type of intraventricular block, the first two phases 
of QKS have fields similar to normal, but the third phase is so oriented 
as to indicate a delayed spread of the impulse through the right ven- 
tricle. This last is also true of the field during the inscription of the 
T wave. In short, only after the impulse has spread through most of the 
left ventricle does the dominance of the right ventricle become clear. 
Of course, the time at which this occurs would vary with other circum- 
stances, as discussed above, but mostly ivith degree of hypertrophy of 
the right and left ventricles. 

The close resemblance of the field in the second indeterminate type 
of intraventricular block to that in the uncommon type confirms the 
former’s close relationship to the uncommon type of block, and supports 
the view that the two are of similar origin. 

In the case of the first type of indeterminate block the conditions are 
more complex. In the first and third phases, the electrical field shows 
dominance of the right ventricle, but in the second phase this is not 
present, and, during the inscription of T, there is evidence of dominance 
of the left ventricle. This could be produced by any of three combina- 
tions, viz., (1) left ventricular preponderance, with block primarily 
in the path to or in the right ventricle, (2) right ventrieular preponder- 
ance, with block primarily in the left ventricle, or (3) block involving 
both ventricles to an approximately equal degree. In these ways one 
could account for the varying dominance of the two ventricles on the 
electrical field. Examination of the heart for such hypertrophy, and 
the Q-E interval, would help to evaluate the presence of block in the 
left ventricle. 


The evaluation obtained from such electrical field studies therefore 
lends support to the deduction arrived at from Q-E duration measure- 
ments in determining the location of intraventricular block.’^ In 
general, the deductions are in accord with those now established as a 
result of the work of "Wilson and his school,^"® but vdth some modification. 


Our results, however, although they lend support to the views concern- 
ing location of the block arrived at by Wilson, do not support his inter- 
pretation as to the meaning of the chest leads. The present stud.y gives 
further evidence that the chest leads are not “semidirect” leads, as 
Wilson lias argued, but rather depict, at a given point on the chest, the 
orderly alteration of the electrical field created by the passage of the 
mpm sc througliout tile heart (and the restitution process), ivithout the 

WatTtlfo actmty of the region of the heart 

hcucath the electrode upon the potentials the latter records. 
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SIBMARY AND CONCLUSIONS 

1. Intraventricular block is diagnosed in the electrocardiogram when 
tlie duration of QRS is 0.12 see., or more, in the limb leads. It can be 
classified into four tj’pes, according to the electrocardiographic appear- 
ance, viz., the common, the uncommon, and the first and second in- 
determinate tj’pes. The chest leads in these groups fall into definite 
patterns. 

2. The chest leads represent primarilj’’ the fluctuations in the electrical 
field of the region beneath the chest electrode during the spread of the 
impulse and during the restitution process throughout the heart. There 
is no reason to assume that there is dominance of any part of the heart 
over any other; all parts seem to play an approximately equal role in 
producing these electrical effects. The manner in which the impulse 
spreads and the restitution process occurs in the various regions of the 
heart appears to be the determining factor in establishing the electrical 
field. 

3. These studies confirm and expand the views developed by us previ- 
ously regarding the genesis of the electrocardiogram. 

4. These studies eonfii*m our observations in regard to the Q-B 
interval. They show that, although other influences, such as hypertrophy 
and displacement of the heart, as well as the causes which lead to low 
voltage, affect the appearance of the electrocardiogram in intraven- 
tricular block, the various types, by and large, appear to represent 
definite tjqoes of delay in the spread of the impulse, namely : 

(a) The common type of intraventricular block appears to represent 
chiefly delay in the left ventricle. 

(1j) The uncommon and second indeterminate types of intraven- 
tricular block appear to represent chiefly delay in the right ventricle. 

(e) The first indeterminate tjqDe of intraventricular block appears 
to represent a mixture of delay in the right and left ventricles. 

Wo are indebted to .several interns of the department for their assistance in obtain- 
ing the electrocardiograms. 
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THE CHANGES IN THE POEM OP THE BEATING MAIMMALIAN 
HEAET, AS DEMONSTEATED BY HIGH-SPEED 
PHOTOGEAPHY 

Howard B. Burchell,® M.D., and M. B. Visscher, M.D. 
IMinneapolis, Minn. 

I N 1939, Landis, Hunt, Moe, and VissclieP prepared a series of 
cinematograpliic films of the lieating mammalian heart. The prepara- 
tions photographed were the heart in situ, the heart-lung preparation, 
and the isolated heart. Although the films were prepared for general 
observation and studj*, it is believed that sufficient information was ac- 
quired to justify recording it permanently. Other investigators have 
used cinematographic records in the stud 3 ’' of the heart movements, but 
in the present work ultra high-speed photography was the novel feature. 

METHODS 

The photography was done with three cameras; one had the usual speed of 24 
frames in one second; another had a maximum speed of 600 frames in one second; 
and the third liad a maximum speed of about 3,000 frames a second. If the films ob- 
tained from the latter cameras were projected at a speed of 15 frames per second, one 
observed a marked slowing eifect on the cardiac movements. This effect, which may 
be called temporal magnification, would have maximum values of 40 and of 600 times. 
In the portion of the films which we have used for analysis, the moderately high- 
speed camera (called “super”) took frames at an average rate of 100 per second, 
and the very high-speed camera (called “hyper”) took frames at an average rate 
of 1,200 per second. A clock was photographed simultaneously, so that the interval 
between any two of the exposures could be ascertained accurately. 

The interpretation of the films has been pursued in various ways. The longest time 
was spent in repeatedly reviewing the films on numerous occasions and noting 
phenomena as they appeared. The evidence based on these observations is the 
te.stimony of several witnesses who were in agreement. In regard to the heart shape 
and its changes, we have traced numerous consecutive frames on the reverse side 
of a transparent screen, and have had prints made of certain frames. These latter 
methods have supported our opinions in regard to heart shape which were obtained 
by direct observation. 

Another method of study which contributed to the analysis of the cardiac motion 
was the tracing of the movement of reference points on the reverse side of a 
transparent screen while the projector was running. A second observer checked 
the exact time, by the clock shomi on the film, as each point was marked. In this 
way the exact temporal relation.'^hips of movement of various points on the ventricular 
surfaces were obtained. 

From the Dcp.artment of Pliysioloe>', University of Jlinncsota. 

Hcccivcd for publication April 10, 1941. 

•From the Mayo Clinic. Roche.ster, Minn. 
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the shape op the heart in systole and diastole 

It will be readily recalled that, Avlien the thoracic cage is opened, and 
particularly wlien the heart is removed therefrom, this organ loses the 
support of its semifluid environment and the influence of the negative 
intrathoracic pressure. The heart is then more subject to change in 
shape, and this shape distortion will be that of flattening. The latter 
will be functions of the intraventricular tension and mjmcardial elastic- 
ity. The isolated normal dog’s heart, when in good condition, shows 
considerable flattening, particularly Avhen its base and apex lie in a 
liorizontal plane. In hearts suffering under a greatly increased load, 
very little flattening is seen. Tliis has been interpreted as indicating 
that the diastolic volume has increased to a point where the ventricular 
wall cannot lengthen without considerable increases in intraventricular 
pressure. 


Isolated Heart. 



Time 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
I 1 
12 


Sequence 

.oo\ 

.05 1 


.10 
.1 5 
.2 0 
.25 ; 
.25' 
.30^ 


systole 


.35 


.40 
.50 
.5 5 


> diastole 


Pis. 1. — A ventral, inferior view of an isolated heart, showing the course of refer- 
ence points on the epicardium during the cardiac cycle. Dots of the same number indi- 
cate sjatchronous positions in the spatial course of any reference point. To be particu- 
tAM ! early lateral direction of point A (from 1-S), Indicating early dis- 

tension of the pulmonary conus, and the early marked movement of points B and G in 
tne long axis of the heart, indicating a shortening of this axis. The various reference 
iv I Pulmonary conus ; IV, interventricular groove ; 

i ieft ventricle. To avoid complication of the figure, only the synchronous positions 
wiH t ^ numbered. From these numbers the sequence of the dots from 1 to IS, 
t-RYi" a representing 0.05 sec., can be readily followed. The line between any 

IV T, representing space over unit of time, is actually a measure of velocity, as 
"ou as of direction of movement. 


The isolated heart, when lying on its side, will thus have the shape of a 
Bilging cone flattened in its vertical diameter. With the onset of systole, 
Ihe heart approximates a spherical shape very rapidly, and the gross 
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movements of the ventricular wall in sj'stole are attributable to the 
shape differences in diastole and sj’’stole. Throughout the ejection period 
the heart maintains its close approximation to the spherical shape. The 
degree of rotation of the heart and torsion of its apex during systole 
varied in different hearts, and was seemingl 3 ^ dependent upon the 
diastolic and sj^stolie volumes. 



Fig. 2 . — Direct apical views of two hearts, showing the course of reference points 
during the cardiac cycle. In Heart No. G the movements are mainly in an antigravltj' 
direction ; this we attribute to change in shape and a lifting of the apex. A slight 
clockwise rotation is demonstrable by joining positions with the same number. The 
movement of tlie point on the pulmonary conus is similar in type to that in Fig. 1, 
but tlie curve is distorted due to its position in the background of the photographic 
acid. 

In Heart No. 11, tliere is much more torsion during systole ; the heart turned about 
40° clockwise, after a slight counterclockwise movement During the rotation, the 
point on the auriculoventricular groove did not move appreciably, indicating that the 
movement was entirely a torsion ("wringing”) movement, without any definite rota- 
tion of the wliole organ. 


Bi' following reference points on tlie ventricular surfaces and their 
time relationships, a clear picture of the heart movements maj^ be 
obtained (Figs. 1 and 2). It is observed that all points on the ven- 
tricular surfaces rise rapidh* during the first third of sj-stole (between 1 
and 3 in Fig. 1), and this is to be attributed to the fact that the heart 
assumes a spherical shape. This is further to be noticed bj’’ foUovdng the 
course of points B and C, in Fig. 1, where there is a clear demonstration 
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of a shortening of the long axis of the heart in early systole. Again, 
wth reference to the course of the points on the left ventricle, it may be 
observed that the apex early in systole shoAvs a torsion effect, Avith a 
slight rotation contracloclnvise, folloAved, hoAvever, by a more marked 
rotation in the clockAAdse direction immediately before the onset of 
diastole. These movements can he demonstrated in Fig. 1 by joining 
points of the same number, AAdiieh are isochronic. This type of con- 
secutive rotation, AAdiich aa^c have observed repeatedly, could be related 
to the superficial and deep musculospiral bundles of the heart, AAdiich 
lie roughly at right angles to one another. 

In the tracing of point A (Fig. 1), the first part of the cuin^e repre- 
sents the distension of the pulmonary conus in earlj^ systole, AAdiich is 
readily seen on direct observation. The next part of the curve shoAvs a 
rapid iipAvard rise, due mostly to a rising of the Aidiole heart, then a slight 
rotatory effect counterelockAvise, folloAved bj'’ a clockAvise rotation of the 
Avhole heart, as demonstrated by a movement of the reference point to- 
Avards the right. In the tracings of points on the apex, the curves may 
be mainly in a Amrtical direction (Fig. 2). The slight, though definite, 
eAddence of rotation in Heart No. 6 can probably be explained in part 
by the fact that these points are Amry close to the axis of rotation. 

It AAdll be readily appreciated that these figures represent moAmments 
of, points in three dimensions, as projected on a frontal plane. This 
fact, together Avith slight indistinctness of the borders of the reference 
points and machine vibration, makes it impossible to obtain any very 
accurate measurements betAveen any tAim points during the latter part of 
systole. 

Wlien the heart is distended, i.e., approaching its maximum diastolic 
volume, it maintains a roughly spherical shape throughout the Avliole 
cj'cle, and the movement of systole is to be made out Avith some difficulty. 
This slight movement is readily understood Avlien one remembers that the 
ejected blood is changing the Amlume of a sphere AAdiich is a function of 
the cube of the radius. In such distended hearts Ave have been unable to 
obsei’A'e apical rotation, and it is our belief that the “AAminging-oiit” con- 
traction occurs only at small systolic volumes. 

SPECIAL CONSIDERATIONS REGARDING THE RIGHT A^ENTRICLE 

This study has been illuminating Avith respect to the events AAdiich 
occur in the right side of the heart, particularly in regard to a differentia- 
tion of the right ventricle into infloAv and outfloAv tracts, as emphasized 
anatomically by Kirch. ^ During systole, Ave have said that the ventricle 
.approximates the shape of a sphere. Actually, the cavity of each ven- 
tricle Avoiild tend to assume a spherical shape, and, because of the higher 
Pi'cssnre in the left ventricle, the systolic shape of the heart Avould be 

ctermined by the left ventricle, Avith the right ventricle acting as an 
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Fip. 3. — Figxiros obtained by tracings of the maximum diastolic and minimal sys- 
tolic areas of an isolated heart. Tlic areas are traced for three pulmonary pressures. 
It is to be noted tliat tlie diastolic shape remains about the same for the two higher 
pulmonarj' pressures. Tlie flattened inferior aspect has been explained in tlie text. Tlie 
iieart rested on tlie table and was not otherwise supported. In all three .systolic areas 
the close approximation to a circle is a noteworthy feature. "With increases in pul- 
monarj" pressures there is an increasing distension of the pulmonarj" conus, or, more 
accur.atelj", the outflow tract of the right ventricle. 
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appendage. This theoretical consideration is in agreement with our 
observations. It seems an unequivocal fact that the cavity of the lower 
and posterior portion of the right ventricle is reduced in volume because 
of the spherical shape assumed by the left ventricle in early systole, so 
that the right ventricular blood is stored during the isometric contrac- 
tion and early sj’-stolie period in the pulmonary conus (Figs. 3 and 4). 



,, 4. — Reproductions of two photographic frames, showing the isolated heart at 

Uie end of diastole and 0.15 sec. later in mid-systole. The flattened shape of the heart 
^ h pulmonary conus are seen in the first photograph and the roughly 

spherical shape of the heart and distended pulmonary conus are seen in the second 
Photograph. The movements of points on the surface of the heart were studied by fol- 
owing the displacement of the markers, which were small squares of white paper, 
rne clock, marking hundredths of a second, is seen at the right of each frame. 

With an increase in pubnonary blood pressure there is dilatation of the 
I'lght ventricle in the region from the right ventricular apex to the pul- 
monary artery (outflow tract), which appears as a distended, tubular 
oigan. These observations are in agreement ivith the idea expressed by 
^h’ch, namely, that dilatation begins in the outflow tract of tlie right 
'entricle when this chamber is under continued strain. 
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SYSTOLIC AND DIASTOLIC WAVES IN THE PULMONARY CONUS 

Oliservations on systolic and diastolic waves in the pulnionaiy conns 
have given further support to the idea that the inflow and outflow 
Iraels of the right ventricle exist as separate functional units. There is a 
considerable difference in the degree of distension of the pulmonary 
conus in systole which is dependent upon the diastolic volume and 
pulmonary pressure. 

In a rapidly beating heart, photographed in situ, we have seen that the 
pulmonaiy conus was little filled in diastole. Then, with the onset of 
systole, the pulmonary conus and pulmonary artery have acted as a 
continuous unit; what might be called a “bolus” of blood passed quickly 
from tlie right ventricular apex into the pulmonary arteiy. With this 
mechanism of cmptYung, there is an early, rapid, slight caudad , move- 
ment of the heart, or “recoil.” Colloquially we have referred to this 
phenomenon as a “pistol-sliot” ejection. 

Under conditions in which the pulmonary conus contains a consider- 
able amount of blood we have noted an early, faint systolic wave which 
was propagated rapidly over the pulmonary conus to the pulmonary 
valves, and then reflected baelavard toward the apex. We are tempted 
to believe that this rarely observed wave indicates that inflow tract blood 
is entering tlie outflow tract, and that it is probably related to contrac- 
tion of the left ventricle because the latter chamber early assumes a 
spherical shape. 

During diastole, the pulmonary conus is tlie site of an interesting wave. 
With low pulmonai'y pressures the conus of the right ventricle may be 
totally collapsed at the onset of dia.stole, and a fluid wave is frequently 
seen to pass from the apex to semilunar valves and back again in the 
same manner as a fluid wave might travel in a collapsed bicycle tube. 
As this wave takes from 0.12 to 0.15 second for its complete journey, 
it travels fairly slowly, probably about 1 meter per second. This wave 
is believed to accompany some of the first blood which enters the right 
ventricle from the auricle, causing a wave to travel back and forth in the 
outflow tract before pressures are stabilized. This surging diastolic 
wave in tlie pulmonary conus is best seen with a temporal magnification 
of about eight times. Inasmuch as the wave appears mainly as a 
sequence of high lights and silhouette changes, it cannot be illustrated 
here. The ])ossibility that such Avaves might be related to the physiologic 
tliird heart sound has been entertained. That this Avave might be the 
eau.se of the diastolic A'ibration that Kountz and his eo-Avorkers^ have 
recorded seems a jirobability. The aa-ra’c thcA' described Avas usually of 
loAv frequency, Avithout acoustic A’alue, and occurred at the point occupied 
by the normal third heart sound, although the third heart sound might 
not be heard. 
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GENERAL COJUIENT 

There were several other phenomena that seem sufficiently interesting 
to record, although they only confirm what has been previously demon- 
strated in cardiac contraction. Following the administration of acetyl- 
choline, the isolated heart showed periods of asystole lasting three to 
four seconds, and the first beat was manifested by a striking functional 
insufficiency of the tricuspid valve. The auricle became markedly 
distended with the ventricular contraction, and this could be correlated 
in time with the ventricular diminution in volume in its ejection period. 
This would indicate that, when there is prolonged asystole, the right 
auricle and ventricle form a common chamber and that the valve becomes 
insufficient as a result of the increased ventricular diastolic volume. We 
suspect that the marked venous pulse in the neck which is observed 
clinically with the returning cycle after an extrasystole, when the heart 
is beating slowly, is an analogous event. 

After the administration of adrenalin, the increase in the force and 
rate of the cardiac contraction is readilj'' followed. The upward stroke 
of the curves of the reference points is shortened in time, and the heart 
attains its spherical size so quicldy that there is an “overshooting” due 
to the increased momentum, which produces a bouncing effect in the 
ordinary motion picture. 

It has been shown by Visscher^ that the partition of the coronary blood 
between coronary sinus and Thebesian drainage is a function of the 
aortic pulmonary pressure difference. It was suggested that increased 
pulmonary pressure played a nefarious role in right ventricular failure 
by inteiTering with the right ventricular blood supply, which is largely 
drained by the Thebesian system. The cinematographic records of the 
isolated heart shoAV that distension of the right ventricle, produced by 
increments of pulmonary pressure, is improved by a later increase in 
aortic pressure. A quantitative study of this phenomenon has not been 
possible by this method of observation. 

In a study of ventricular fibrillation high-speed photography did not 
contribute anything of exceptional interest. We have observed, however, 
that the onset of fibrillation may be characterized by undulatory move- 
ments of rather large masses of ventricular muscle. The later, finer, 
fibrillary movements and atonic phase, as described by Wiggers,^ are not 
readily discernible in our records. 

Our evidence regarding the geometrical changes caused by cardiac 
contraction is in accord with that of Brednow.® He also traced the 
course of reference points on the ventricular surfaces and noted par- 
ticularly, as we have done, the shortening of the long axis of the heart. 
Om films were not taken with the view of correlating the cardiac output 
with the change between systolic and diastolic volumes. There are many 
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difficulties attendant on such calculations. Strugliold" has maintained 
that cinematogra])hy in one plane is an accurate method of estimating the 
.stroke output of the heart. His pictures were taken from a superior as- 
pect, so that, as the heart rose to a spherical shape, the peripheral outline 
would become smaller, independent of the output. "Whether his correc- 
tion, which was based on checking the camera-object distance, was ade- 
quate is somewhat questionable. With a suspended, isolated heart, we be- 
lieve that cinematography, from a lateral direction, would give accurate 
figures for systolic and diastolic size but as a method for the measurement 
of cardiac output it would be by no means void of assumptions. 

It was hoped that ultra high-speed photography might give us data 
on the finer details of ventricular events and rapid vibrations of the heart 
wall, but in this we Avere disappointed. We have noted A-Y conduction 
time from the mechanical events, but one could not claim adequate ac- 
curacy for the figures obtained. 

We are fully aware that the dog’s heart differs from the human heart 
in that the pulmonary conus is relatively longer, and the apex is formed 
entirely by the left ventricle, but Ave do not believe that such differences 
Avould invalidate the application of our results, in a limited Avay, to the 
human heart. It is stated generally that there is a countercloclnvise 
rotation of the heart, as vicAved from the apex. Species differences are 
possilile, but, for the dog’s heart, Ave are certain that the greatest rotatory 
effect is cloclrwise. If our observations on the storage of right ventricular 
l)lood in the pulmonary conus during systole can be transferred to the 
luunan heart, it may explain the occasional roentgenkymographic ob- 
servation of paradoxical systolic movement of the upper left border of 
tlie human heart. 

SUAIMARY 

The mechanics of cardiac contraction, as studied by high-speed 
photography, have been described. The study has brought forth strong 
evidence that, although the gross movements of the ventricular Avail are 
related to changes in form, the diminution in Amlume in systole is roughly 
a function of changes in spherical size. For the dog’s heart, it has been 
shoAATi that the greatest rotatory torsion moA’^ement is'- clockAvise ; that is, 
the right ventricle occupies a greater percentage of the anterior 
(ventral) aspect of the heart. In these experiments Ave olitained con- 
firmatory cAudence that the right A'cntricle is composed of tAvo distinct 
units, namely, the infloAV and the outfloAV tracts. An early diastolic 
Avave over the pulmonary conus AAdiich is reflected back from the closed 
semilunar valves is seen Avith regularity. 
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THE ELECTROCARDIOGEAII IN INDUCED FEVER 


Phillip T. Kj^ies, M.D. 

Columbus, Ohio 

OECAUSE minor electroeardiograpliie changes have been observed in 
•L' many common febrile diseases,^ and marked alterations noted in 
malaria, pneumonia, and typhoid fever,-'^ similar changes might reason- 
ably he expected with induced fever. However, the duration of natu- 
ral fevers and their frequently nonremitting character are points of dis- 
tinction from induced fever, and ditferences may therefore be expected 
in the respective electrocardiographic effects. For example, the pro- 
longed auriculo ventricular conduction time of naturah malaria and the 
bradycardia of typhoid fever are uncommon in induced fever and may 
depend upon specific toxic effects of those infections. 

Furthermore, although the effects of natural fevers upon cardiovas- 
cular physiology’' have been ascribed uncertainly to thermal, toxic, or 
mechanical factors, induced noninfectious fever affords an opportunity 
for critical evaluation of pure thermal change as it affects the pulse, 
blood pressure, cardiac output, blood flow, and electrocardiogram.^’ 
Clinical and experimental studies of the electrocardiogram in fever 
have appeared in the literature. 

Influence of Thermal Changes Upon the Electrocardiogram of Ani- 
mals . — Stimulation of the hearts of animals by the application of heat 
or cold to the exposed organ has resulted in electrocardiogi’ams charac- 
teristic of the areas so stimulated, and in a shortening liy heat and a 
lengthening by cold of electrical systole and diastole.^”’ 

In induced fever in animals, marked changes in the cardiac mechanism 
have been rare, though aurieuloventricular block and ventricular rhythm 
have been described.- Negative P Avaves have become positive.® Shorten- 
ing of the P-R“ and R-T" intervals has been noted, and decrease in the 
amplitude of the QRS complex and notching of its deflections have been 
described.®’ ® T waves have been increased in height or inverted.'* Deep- 
ening of Q waves, disappearance of S waves, and S-T deviation from the 
isoelectric line have also been found. Some observers have noted changes 
which they were “accustomed to associate Anth coronary deficiency.”* 
In general, hoAvever, the effect of induced fever upon the animal electro- 
cardiogram is surprisingly insignificant, at least until criticall.A’’ high tem- 
peratures are reached. 

From the Department of Medicine, CoUepe of Medicine. Ohio State University, 
Columbus. 
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Furthermore, it is uncertain that these effects on animals, except those 
which follow the direct application of heat or cold, have been due en- 
tirely to thermal changes. For example, Cignolini has considered that 
the slight bradycardia and decreased systole noted in dogs during radio- 
induced fever may possibly be a specific effect of that form of energy 
upon the bundle of His and the adjacent sjunpathetie ganglia, independ- 
ent of the heat induced.® 

Influence of Fever Upon the Human Electrocardiogram . — The electro- 
cardiographic effects of infectious, radio-induced, and diathermic hyper- 
pyrexia have been studied in man. In general, these changes, also, have 
been of a relativelj'’ minor nature,®* or have been considered within 
the peimissible limits of variation from the normal.’^ 

All changes have been proportional to the degree of fever induced, 
reaching a maximum at its height and receding with it, although with 
some lag. Neyman^® has reported persistence of electrocardiographic 
changes for a few days after fever, but permanent alterations have rarely 
been found.® 

The effects of malaria upon the electrocardiogram were studied by 
]\Iikawa, et ah,® and by Weicker, et al.,^^ in twenty-five eases of neuro- 
syphilis. Of the latter group, all but five patients had moderate to 
severe hj^iertension, and nine showed radiographic evidence of aortitis. 
This may account, in part, for the author’s conclusion that therapeutic 
malaria is more dangerous than other forms of induced fever. Fatal 
occlusion of a coronary artery occurred in one case during the fourth 
chill, and, in several others, there were minor T-wave changes to which 
“a coronaiy significance” was attached. 

Alterations of the electrocardiogram during short-wave radiotherapy 
were observed in twenty-four normal subjects and six cardiac patients 
])y Domenighini and Grigolo,® who used transthoracic radiation wthout 
permitting any rise in general body temperature. Alteration of skin 
conductivity caused by perspiration and peripheral vasodilatation was 
thus thought to be eliminated. No untoward reactions were observed, 
and it was concluded that at least some of the effects were due to a spe- 
cific action of the radiation, apart from thermogenesis. However, the 
similar results obtained by Perinati (quoted by Domenighini®) ivith 
diathermy suggest that the common temperature increase may be more 
important than the particular form of energj^ employed. 

Vesell and Biei-man® reported in detail the electrocardiographic 
changes during radiotherapy and diathermy in ten cases in which a fever 
of 104° to 106.5° F. was maintained three to five hours; they were un- 
alfie to infer that any cardiac damage had been induced. Details of their 
observations will be diseu.ssed later in comparison -with the present study. 

We liave found in the literature to date no analysis of the electro- 
cardiographic alterations in fever induced in the air-conditioned cabinet 
of Kettering, wliich ivould presumably afford a clear view of the effects 
of pure thennal change upon cardiac eleetrophysiology. 
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^Mechanisms operating to produce electrocardiographic changes in 
fever may include alterations in blood and tissue pH caused by vai^dng 
carbon-dioxide and lactic acid concentrations.® For example, alkalo- 
sis is at times encountered in fever therapy,^® and this has been shoum 
by Barber, et al.,^^ to be capable of producing deformity of the ventricu- 
lar complex. Increase in metabolism and cardiac output, as well as 
periplieral vasodilatation® and hemoconcentration, may also affect the 
electrocardiogram. IMany of the electrocardiographic alterations ob- 
served in induced h;\T)erpyrexia have been ascribed simply to a change 
in the heart rate, for thej* have occurred also during sinus tachycardia 
after exertion. 

Elecirocardiograpliic Alterations Previously Described . — Changes in 
rhythm, aside from tachycardia, have been infrequently noted and have 
usually involved a shift from an abnonnal prefebrile rlijdhm to a normal 
one. 'Weieker, et al.,^^ reported the elimination of auricular extrasystoles 
for eight days after induced fever; auricular fibrillation, however, was 
unaffected. 

The P-B interval is usually shortened in artificial fever, and Weieker, 
et al.,^ found in onl.v one instance the increased duration reputedly com- 
mon in natural malaria ; Mikawa, et al.,® however, reported that the con- 
duction time is generally prolonged after the chill. 

An increase in the voltage of all component deflections of the electro- 
cardiogram, and especially of the S wave, was also noted by Mikawa, 
et al. However, even though the S wave be considerably deepened, 
the sum of the B and S deflections has usually been found to be less 
during, than before, fever.®’® To this observation Domenighini and 
Grigolo® attach an intere.sting interpretation. Considering the electro- 
cardiogram as an index to the mechanics of cardiac action, they have 
assumed that a diminished sum of B. and S in induced fever, without 
cardiac failure, signifies that the cardiac work has been accomplished 
by less than the previous expenditure of energy. This they attribute 
to improved coronary circulation or more efficient cardiac contraction, 
and upon these concepts they and Fianbaca explain their apparently 
favorable results after radiothci*apy of the chest in angina pectoris. 

T-wave alterations, variable in tj’pe and degree, have usually in- 
cluded a diminution in voltage. Weieker, et al.,®^ reported an instance 
in which a negative Tj, diphasic T„ and isoelectric T„ became up- 
right diu’ing fever. T^ has been the most labile portion of the electro- 
cardiogram, in the experience of all investigators. 


METHOD 

Six men und fourteen ■women, -whose ages averaged 42 years, bct-wcen extremes 
of 21 and 57, received from one to nine inductions of fever in the air-conditioned 
Kettering cabinet. .Fifty-two such treatments were observed, mahing an average 
of two and one-half treatments per patient; the mean duration was four and one- 
half hours, between limits of two and one-half and ten hours. The treatment 
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was for arthritis in nine instances, for taboparesis in three, for other forms of 
sj'philis in six, and for gonorrhea in one. All of the patients had been carefully 
examined before the induction of fever, and those who had cardiovascular disease, 
bej'ond minor arrhythmia or moderate hj^^ertension, were eliminated. 

The maximum prefebrile blood pressure of the group was 182/116 mm. Hg, 
which changed during fever to 128/86 mm. Hg; this was accompanied by small 
S-T alterations, but not by subjective complaints. The average change in blood 
pressure in the entire group during fever was a decrease of 24 mm. Hg, systolic, 
and of 12 mm. Hg, diastolic. A return to the original levels occurred quickly in 
all cases after the cessation of fever. 

Records were made with a string galvanometer, and in each instance the stand- 
ard leads were taken before the induction of fever, during its rise, at its height, 
and upon its subsidence; additional tracings were taken in many instances. The 
electrodes were reapplied before each tracing, and the standardization was 
checked before each section. Notable changes in the electrical resistance of the 
patients were seldom encountered. 


RESULTS 

Changes in Rythm and Conduction . — Sinus tachycardia occurred in 
eveiy instance ; it was most marked during the induction of fever, with 
often a slight recession later, even though the fever had been maintained. 
As others have observed, the increase in heart rate was due principally 
to shortening of the T-P interval. In one case, recurrent ventricular 
escape was not observed after the first treatment; in another, multiple 
pacemakers disappeared during and immediately after fever, but later 
observations were not available. Numerous ventricular extras 3 ’'stoles 
were eliminated in a third case during treatment, but returned later; 
this maj’’ have lieen due to a change in heart rate alone. 

The P-R interval ivas usuallj'- found to be decreased in all leads bj’’ 
0.02 to 0.04 second during fever; it returned rapidlj’- to the original 
duration after the treatment, when it occasionally became 0.02 second 
longer than before fever. In eveiy instance the original duration had 
been recovered before the next treatment. Similar observations ivere 
made 1y Vesell and Bierman,^ in Avhose series the maximum decrease was 
0.05 second during fever. 

Tiiese authors reported that the P waves were diminished by 0.01 to 
0.02 second in duration, with a maximum change of 0.04 second, and that 
the QRS complex was shortened by a maximum of 0.04 second, but re- 
mained unaltered in some instances and increased in a few. Similar 
oliservations were made in tlie present series. 

In no instance was the QRS complex sufficiently prolonged to indicate 
a serious intraventricular conduction defect. 

Vesell and Bierman® reported that the T wave was more often dimin- 
ished than increased in duration, and that the ventricular, or R-T, sec- 
tion of the electrocardiogram in their series was shortened in all cases 
m Lead I, but increased in five of ten cases in Lead II or III, or both. 
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Such an analysis is rendered extremely difficult by the uncertainty of 
measurement and was not attempted in the present study. 

Changes in Voltage . — ^Because of the faet that some patients reeeived 
more treatments than others, clianges in the deflections of the electro- 
cardiograms were analyzed Awth respect to the number of cases in which 
they occurred, as well as to the number of treatments. This double 
analysis demonstrated that changes in any part of a tracing usually oc- 
cuiTed consistent!}^ in all of the treatments of a given patient; there 
were, however, exeeptions, particularly in the QRS complex and the 
T wave. 

The P waves in all leads usually were increased in height during 
fever; the maximum increase was 2 mm., biit some remained unchanged 
and a few beeame smaller. After fevei*, the deflection usually returned 
to its original height, and in several instanees beeame even lower than 
before fever in Leads I and II; a post-febrile height greater than the 
original was commonly noted in Lead III. These observations are simi- 
lar to those of Vesell and Bierman,® in whose series, however, a greater 
proportion of records showed diminished height during fever. 

The same authors noted one instance in which Qg was sufficiently 
large during fever to fulfill the criteria for “prominent or significant 
Qg, ’ ’ but the usual Q-wave changes in the present group were less than 
1 mm., and diminution in height was more eommon than increase in 
Leads I and II. Qg was usually deeper after fever than before it, but 
with a maximum difference of 1 mm. A return to the prefebrile con- 
tour was \isually prompt, but in one instance Qo remained larger during 
the period of observation than it had been before treatment. 

The R Avaves of all leads usually decreased in height during fever, 
but they recovered promptly, and this often began late in the treatment 
and eontinued after it ; at times they became higher than before fever. 
A compensatory decrease frequently occurred after the occasional 
early increase in the height of R^. The maximum changes observed 
Avere 4 mm. in Lead 1, 17 mm. in Lead II, and 7 mm. in Lead HI. These 
alterations Avere not due to a change in the electrical axis; the latter 
appeared to be little affected by fcA'^er, as pointed out by Vesell and 
Bierman.® 

These Avriters found that in scA^eral instances the height of the R 
deflection Avas less during fcA’cr than the normal minimum of 5 mm. 
but reported no slurring of the AvaA’^e. The latter occurred in one ease 
in the pi’esent series, and Avas associated Avith minor changes in the 
contour of the QRS complex and flattening of the T AvaA^e. During the 
next fever treatment of this patient, Rj and Rg Avere significantly 
slurred, and Rg Avas completely oblitcrjited. After both treatments the 
S-Tg and S-T, segments remained slightly elevated temporarily, al- 
though the patient experienced no reaction suggesthm of stenocardia. 
Later, fcA'er did not produce such changes in this case. In the tracings 
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of another patient a slurred notch on the prefebrile S wave was dis- 
placed forward to a point near the apex of the R deflection during 
fever and moved back to its original position during recovery. 

A deepening of occurred frequentl 5 ’' during fever, but S, and S 3 
were usually unaltered ; the maximum change was 4 mm. in Lead III. 
Vesell and Bierman® reported increased depth of the S Avave in Leads 
I and III, and equal numbers of increases and decreases in Lead II, 
Avith a maximum change of 4.5 mm. in Lead III. 

R Avas added to S to permit comparison Avith the observations and 
interpretations of Donienighini and Grigolo, as noted above. RSo and 
RS3 Avere generally decreased, as stated by these authors, but RS^ Avas 
usually increased. The maximum diminution of R plus S Avas 10 mm. 
in Lead III. In all leads these changes Avere usually overeompensated 
later, especially after fcA'-er. Thus, granting for the moment that a 
decrease in R plus S is an indication of greater cardiac efficieney dur- 
ing fever, the overeompensation after subsidence of the fcA’-er Avould 
indicate that there is a dangerous phase of cardiac inefficiency after 
hyperpyrexia. 

In the present series the S-T segments of all leads remained almost 
uniformly isoelectric, and all deAuations Avere less than 1 mm. Vesell 
and Bierman® reported equally uniform depression of the S-T segment 
in Leads I and II and elevation in Lead III, but the changes Avere of 
the same order as in our eases. 

The T wave in Lead I Avas usually decreased in height during fever, 
but later returned to, or exceeded, its original size. Tg Avas increased 
and decreased equally often. T3 Avas heightened by the majority of 
treatments, but decreased slightly in the majority of patients. The 
maximum changes Avere 3 mm. in T^, 1 mm. in To, and 5.5 mm. in T 3 . 
The obseiwations of Vesell and Bierman® Avere not signiflcantly differ- 
ent but included three instances in Avhich a prefebrile inA’erted T AvaA’e 
in Lead III became upright during treatment. In our oAvn group a 
change from plus 2 mm. to minus 3.5 mm. occurred once in Lead III, 
and less inversion Avas observed in four other instances. T^ and T, 
Avere ncA’^er found to be inA’-erted during fcA’-er. 

DISCUSSION 

The present study adds to previous reports, especially that of Vesell 
and Bierman,® a detailed analysis of fifty-tAvo electrocardiograms Avhich 
Avere recorded on tAA’enty patients during the induction of fever in the 
air-conditioned hj^pertherm of Kettering. The observations correspond 
closely Avith those of others on the human and animal electrocardiogram 
during fever and demonstrate the consistently minor nature of the 
electrocardiographic changes. The latter observation suggests that fever 
has only a slight direct influence upon the electrical actmty of the heart 
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and lliat extraeardiae factors are important in the production of the 
cai’diovascular changes which occur in natural fever. 


CONCLUSIONS 

1. The electrocardiographic changes during hyperpyrexia, induced in 
the air-conditioned cabinet of Kettering, were observed through fifty-two 
treatments of twenty patients. 

2. These changes were usually insignificant, and quickly disappeared 
when the fever subsided. In many instances, a temporary overeompen- 
sation occurred in the late febrile, or postfebrile, period. No permanent 
changes in the electrocardiogram were noted. 

3. In no instance in the present series of patients, all of whom had 
nonnal hearts, were changes characteristic of coronary insufficiency ob- 
served, and no cardiac damage appeared to have resulted, insofar as the 
electrocardiogram and clinical observation permitted judgment. 

4. In view of the close correspondence of the observations in the pres- 
ent series with those previously noted when fever was induced in other 
ways, it would appear that the obseiwed changes are the result of physio- 
logic processes incidental to the temperature increase, without regard to 
the mode of its induction. 
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IMYOCARDIAL DEGENERATION WITH HYPERTROPHY AND 
FAILURE OF UNKNOWN CAUSE 


John A. Reisinger, M.D., and Basil Blumenthal, M.D. 
Washington, D. C. 


T he relationship of cardiac enlargement and heart failure to factors 
such as chronic valvular deformity and sustained hypertension, 
which require more work of the heart in order to maintain an adequate 
circulation, is well recognized. Although these causes for an increased 
cardiac load are present in a large percentage of patients with congestive 
heart failure, strain alone is not an entirely satisfactory explanation for 
the transition from compensation to decompensation without assuming 
some change in the status of the myocardium. This concept is not of 
recent origin, for William Stokes wrote, in 1854, “It was long ago ob- 
served by Laennec that valvular diseases had but little influence on 
health when the muscular condition of the heart remained sound, and 
ever}'- day’s experience confirms this observation.” Many might con- 
sider tliis statement too dogmatic, but nevertheless would agree that the 
intrinsic integrity of the myocardium is the critical factor in cardiac 
function. Certainly, myocardial insufficiency occurs in the absence of 
valvular deformity or hypertension, and, even when causes for strain are 
existent, failure may be primarily due to depression of myocardial func- 
tion by intoxications, infections, or metabolic disorders. Most often an 
inadequate coronary blood supply caused by coronary arteriosclerosis 
is responsible for the myocardial damage, although the possible noxious 
agents are numerous. It is frequently difficult to classify patients with 
myocardial insufficiency etiologically, and there is a tendency to assume, 
by exclusion, the presence of coronary arteriosclerosis in the absence of 
obvious causes for failure, particularly in middle-aged and older adults. 
Such reasoning will often give a correct diagnosis, but there is the in- 
herent danger that the etiologic classification of coronarj’- arteriosclerosis 
vull be abused as much as the anatomic term, chronic myocarditis. It 
seems desirable to emphasize the possibility that cardiac enlargement 
and myocardial insufficiency may occur in the absence of the more com- 
mon causes, and, in fact, in the absence of any discoverable cause. For 
this reason, and because of their interest, we have selected from 150 
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autopsy examinations, made in tlie last two years, five eases in wliicli 
there were degenerative changes in the myocardium without apparent 
cause. Four of the five patients were known to have syphilis, and the 
relation of this to tlie cardiac disease will he discussed. 

REPORT OF CASES 

Case 1. — S. T. L., a 45-year-old negro barber, liad been well until four years be- 
fore admission to the hospital. As a young man he had been a professional athlete, 
and had continued to be very active until the onset of his illness. About April, 
1935, he first noted fatigability and slight dyspnea on climbing steps. His weight 
gradually declined without obvious cause, and about eight months after the onset 
of symptoms he suddenly developed a severe attack of dyspnea, orthopnea, and 
cough, necessitating six weeks’ confinement in bed. At that time he was told that 
he had “heart disease.” . He recovered from this acute attack, but the dyspnea 
on exertion became more incapacitating, and he entered a hospital about a year 
after tlie onset of S 3 -mptoms. At that time he weighed only 170 pounds, which 
was forty pounds less than his previous weight. His heart was considerablj’’ en- 
larged, and there was evidence of pulmonary congestion. There w’ere no murmurs or 
arrhj'thmia, and the blood pressure was 124/84. Electrocardiograms revealed a first- 
degree auriculoventricular block and intraventricular block. The blood- cell count 
was normal except for 51 per cent Ij'inphocj'tes in the differential leucocyte count. 
The blood 'Wassermann and Kahn reactions were negative, and the urine was normal. 
The patient remained ten weeks in the hospital and improved considerably on rest 
in bed and digitalis. After discharge his activitj' -was limited, and he did fairly 
well for about three years, although climbing steps invariably caused breathlessness. 

In the spring of 1939, however, exertional dyspnea became more severe, and, 
within a month, severe paroxj’sms of dj’spnea, especially at night, forced the patient 
to come into the hospital again. He again showed evidences of pulmonary con- 
gestion, but no hepatic enlargement, ascites, or edema. The heart had increased 
in size; no murmurs were audible; the rhythm Avas normal; the sounds were distant; 
and the pulmonic second sound was louder than the aortic second sound. The blood 
pressure was 104/S4. The electrocardiogram again showed first-degree auriculovent 
tricular block and also left bundle branch block. The hemogram showed a persistent, 
relative hnnphocj'tosis as high as 09 per cent. 

The patient made verj- little improvement, and, since the shape of the heart sug- 
gested pericardial effusion with tamponade, paracentesis of" the pericardium was 
undertaken. Onlj- a small amount of bloody fluid was obtained. The patient’s 
condition continued to become AVorse,,and he died about four years after the onset 
of sA'mptonis. 

Autopsy . — Tlie pericardium contained about 500 c.c. of unclotted fluid mixed Avith 
blood; the latter probabty Avas the result of trauma to the heart during the para- 
centesis. Tlie heart weighed 742 Gm., but the Avails were stretched thin and cut 
with considerable resistance; the cut surface presented a graj'ish, glistening appear- 
ance. There AA-ere no gross lesions of the endocardium or valA’es, and no ante-mortem 
thrombus AA-as present. The aorta retained its elasticit.A', Ai-as not dilated, and showed 
onlj’ a small amount of atheromatous change. No obstruction of the coronarj' ostia 
Avas present, and, except for scattered patches of intimal j-ellowing in the first part 
of the anterior descending arterj', the coronarA* A-cssels Avore grosslj' normal. There 
was a hemorrhagic infarct in the loAA'cr lobe of the right lung AA'liich Avas of recent 
firigin. 

Jlistoloyic ETamiuotion. — The entire myocardium in the sections studied exhibited 
severe damage Avhich became progressiA’cly more advanced from the epicardial to 
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the endocardial portions. Marked hypertrophy of the muscle fibers, ‘witli large dis- 
torted nuclei, many of which were granular or very basophilic, was evident in less 
seriously involved areas of the myocardium. The fibers themselves showed grada- 
tions of injury from hypochromatophilia, slight vacuolization, and transverse frac- 
ture, to complete disappearance. In large areas the muscle fibers appeared to have 
melted away, leaving a loosely packed interstitial tissue which contained only a few 
mononuclear cells and an occasional fibroblast. Even in portions in which muscle 
fibers remained, the interstitial spaces were very prominent, but contained only a 
scattering of lymphocytes and a rare eosinophile. Eibrosis was relatively limited 
throughout the sections. 

The small blood vessels were engorged, and, in areas in which the muscle damage 
was most severe, small hemorrhages were seen in the interstitial tissues. In these 
locations in which the necrosis was severe, even the walls of the small blood vessels 
appeared vacuolated and disrupted. 

Summary . — Tliis patient exhibited evidences of cardiac enlargement and myo- 
cardial damage without hypertension, valvular disease, or evidence of coronary 
arteriosclerosis to account for the structural lesions. Mjmcardial insufficiency began 
four j^ears before his death and was strikingly relieved for a period of approximately 
three years after bed rest and digitalization. The electrocardiograms showed intra- 
ventricular block on numerous occasions, which ultimately conformed to the left 
bundle branch pattern. The heart was hypertrophied and showed degenerative 
lesions without conspicuous cellular infiltration or fibrosis. 

Case 2. — J. T., a 43-year-old negro laborer, was first admitted to the hospital in 
1937 for treatment of lobar pneumonia. He presented the classical signs of right 
upper lobe consolidation, and the acute phase of his illness terminated in seven 
days by crisis. During this examination no abnormality of the heart was noted; the 
size and shape were normal roentgenolo^cally, and the blood pressure was 115/70. 
The blood Wassermann and Kahn reactions were strongly positive, and it was dis- 
covered that the patient had received antisyphilitic therapy in 1931. He remained 
in the hospital about two months, but further treatment of his syphilis was not 
considered advisable. 

After his convalescence he worked as a delivery man for fourteen months, when 
he was again admitted to the hospital with congestive heart failure. One month 
previously, intramuscular injections of bismuth had been started, and, after the 
fourth treatment, he noticed the onset of cough, dyspnea on exertion, orthopnea, 
and edema of the ankles. At this time the heart was definitely enlarged; the 
rhythm was normal ; the rate was 120 ; and there was a soft systolic murmur at the 
lower end of the sternum. Th? blood pressure was 128/104, and there were evidences 
of congestion in the lungs, liver, and lower extremities. Electrocardiograms showed 
left bundle branch block and ventricular premature contractions. The patient im- 
proved rapidly on rest in bed and digitalis, and was discharged from the hospital 
in five weeks. 

In spite of greatly restricted activity, congestive heart failure promptly returned, 
so that hospitalization was required at the end of two months. The findings were 
essentially the same as on the previous admission. The blood pressure during the 
congestive stage was 124/96, but fell progressively with improvement to as low as 
85/55. He again recovered promptly and was discharged after five weeks. 

Dpon return to his home, the dyspnea, orthopnea, and a "catching" pain about 
the left nipple soon required his readmission to the hospital. On this occasion his 
blood ^ pressure was 114/90, the blood cell count was normal, the cardiothoracic 
ratio in the teleroentgenogram was 57 per cent, and the left bundle branch block was 
still manifest in the electrocardiogram. He again made a marked symptomatic 
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improvement which was repeated on three subsequent admissions until his eighth and 
final admission in May, 1940. At this time there were the usual signs of severe 
myocardial insufiiciency, but he failed to respond to treatment and died about three 
months after admission. 

Autopsy . — Tlie heart weiglied 510 Gm., and the left ventricle was greatly dilated. 
The wall of this chamber cut with some resistance, and at the apex there was an area 
of subendocardial fibrosis. All chambers contained “chicken-fat” clot. The valves 
were normal; there was no obstruction in the coronary arteries from the ostia to 
the smaller branches which admitted dissecting scissors. The aorta was not dilated, 
was normally elastic, and showed considerable atheromatosis in flat plaques, and 
also a moderate amount of longitudinal furrowing which suggested the possibility 
of sjq)hilitic involvement. 

Histologic Examination . — The muscle fibers were markedly hypertrophied, with 
very large, often pyknotic, nuclei. Areas with vacuolization, loss of striations, and 
transverse fracture were not uncommon, but the most profound damage was found 
in the subendocardium, where the degenerative changes were far advanced; the 
necrotic muscle was replaced in some areas by loosely packed connective tissue. 
There was very little cellular infiltration in the interstitial spaces, and only scattered 
small and large mononuclear leucocytes and fibroblasts were seen. None of these 
occurred in focal accumulations. 

The small blood vessels in the muscle showed no encroachment upon their lumina, 
and the larger vessels in the epicardium were similarly unobstructed, although there 
was some thickening of the media. No perivascular cellular collections were seen 
in any of the sections, and small collections of lymphocytes in the subepicardium 
bore no relation to the blood vessels. 

Summary . — This patient was first treated three years before his death for lobar 
pneumonia, at which time his heart was apparently normal. He was known to have 
syphilis, and his sjTnptoms of myocardial insufficiency developed after the fourth 
of a series of intramuscular bismuth injections. He did not present any evidence 
of arterial hj^iertension or valvular disease, but there were marked cardiac enlarge- 
ment, left bundle branch block, and myocardial insufficiency; from the latter he 
made unexpectedly good, although temporary, recoveries on six occasions over a 
period of sixteen months. The heart was hypertrophied, and showed areas of de- 
generation, particularly in the subendocardium. 

Case 3. — J. S., a 40-year-old white man, was admitted to the hospital Sept. 4, 1939, 
with congestive heart failure, and died thirty-six hours later. He had first been seen 
in an army hospital, in 1932, for the treatment of a penile lesion which contained 
spirochetes, as shoum by dark-field examination. The extent of subsequent treat- 
ment is unknown. In Julj^, 1934, he again received .medical treatment because of 
an injured shoulder; at that time physical examination revealed no cardiac ab- 
normality. The patient entered an army hospital in 1935, complaining of severe 
pharjmgitis. The patient’s heart was normal and the blood Wassermann and Kahn 
reactions were negative. 

Early in April, 1937, the patient noted a dull, dragging sensation under the right 
costal margin. He entered a hospital, where he was found to have ‘ ‘ cardiac enlarge- 
ment and auricular fibrillation.” No murmurs were audible, the Wassermann and 
Kahn reactions were still negative, and no etiologic diagnosis was made. Tlie patient 
was discharged after one week. 

Three months later he enrolled in the Civilian Conservation Corps, but developed 
“dyspnea on exertion and pain and tenderness in the region of the liver,” for 
which he was admitted to the IValter Heed General Hospital Sept. 20, 1937. He 
was found to have the peripheral signs of moderate congestive heart failure, moder- 
ate cardiac enlargement, and auricular fibrillation. No murmurs were heard and 
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the blood pressure was 14G/S6. Flouroscopie examination revealed left ven- 
tricular, enlargement without aortic dilatation.” The blood and spinal fluid gave 
negative reactions to tests for syphilis. The basal metabolic rate was normal. 

On rest in bed and digitalis, improvement was marked, and lie left the hospital 
Dec. 17, 1937, but was -forced to enter a Veterans’ Administration Facility ten 
days later because lie again developed heart failure. On this admission the cardio- 
thoracic ratio was reported as 50 per cent, and the blood pressure as 130/85. The 
electrocardiogram showed no abnormality other than auricular flbrillation. He 
was discharged from the hospital in a fair state of compensation two months later. 

The patient was not hospitalized again until September, 1939, when he was ad- 
mitted to this Facility with severe failure. He was comatose, orthopneic, and 
cyanotic; the cervical veins were engorged and pulsating; the heart beat was totally 
irregular, with a rate of 150. No murmurs were heard; the liver was enlarged; 
and there was edema of the superficial tissues in dependent portions of the body. 
Treatment was without avail, and death occurred thirty-six hours after the patient 
entered the hospital. 

Autopsy . — The heart was greatly enlarged in all diameters and weighed 658 Gm. 
Although the chambers were large, the ventricular walls were thickened and showed 
no gross evidence of fibrosis or myomalacia. There was no appreciable dilatation 
of the aorta, which revealed only slight atheromatous change and nothing char- 
acteristic of syphilis. All of the valves were normal. The coronary ostia were 
patent, and the arteries showed only a slight degree of atheromatous change in 
the larger radicles, without any reduction of luminal cross section. Two wedge- 
shaped, healed infarcts were present in the right kidney. 

Eistologio Examination . — The muscle fibers were enlarged, and showed areas 
of light staining, hyalinization, loss of transverse striation, attenuation, and frag- 
mentation. In sections cut transversely, considerable vacuolization was revealed. 
The nuclei were swollen and palely staining, with granular chromatin. 

Spreading of the muscle bundles, and, to a lesser extent, of the fibers, was 
conspicuous, and the interstitial collagen was more compact. Cells were not promi- 
nent in the interfascicular tissues except for occasional areas of fibrosis between 
fractured fibers, in which leucocytes and fibroblasts Avere somewhat increased. The 
venous channels were engorged with blood, but the arterioles did not appear to be 
significantly damaged; the only change was an increase in perivascifiar connective 
tissue. Interstitial hemorrhage was present, and hemosiderin formation indicated 
that it had occurred ante mortem. The endocardium Avas undamaged except for 
an inflammatory reaction beneath a small ante-mortem thrombus. 

Summary . — A 40-year-old man gave a history of recurring myocardial in- 
sufficiency over a period of 2.5 years. He had auricular fibrillation, which probably 
Avas not treated properly during periods between hospitalizations, but there was no 
clinical evidence of persistent arterial hypertension, valvular disease, or coronary 
artery involvement. Although serologic examinations for syphilis were repeatedly 
negative, there was a record of a penile lesion which had been diagnosed as 
syphilitic by dark-field examination. The heart was hypertrophied and showed 
degeneration, Avith some increase in fibrosis, particularly about the blood vessels. 

■Case 4. — W. 33. H., a 53-year-old white man, died in this hospital during liis 
fifth admission for myocardial insufficiency. He had previously been treated in two 
other hospitals for the same disability, which, he stated, was first manifested about 
six years before his death. On one occasion, when he Avas 15 years of age a 
“leaking valve” was discovered during the course of a routine examination, but 
tliis apparently had not caused him any difficulty during liis army ser-vice or in 
pursuing his occupation as a mechanic and chauffeur. As a young man he had had 
gonorrhea and a penile lesion, associated with buboes, for Avhich he was given a 
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course of antisypliilitie tlierapy iu spite of the fact that sypliilis was never 
definitely established as the cause of the lesion. The blood Wassermann and Kahn 
reactions were repeatedly negative in this hospital. He had been married twice; 
a stillborn child resulted from the first marriage, and the second was without issue. 

Wlien he first entered the hospital, in 1936, his complaints were of moderate 
exertional dyspnea, palpitation, and slight evening edema of the ankles, all of which 
had been noted in the preceding three years. There was no clinical evidence of 
congestion; the heart was somewhat enlarged, particularly in the region of the 
pulmonarj" conus. Auricular fibrillation, with a ventricular rate between 50 and 
60 and a pulse deficit of 10 beats per minute, was noted. Ko murmurs were heard, 
and the blood pressure was 98/56. The blood cell count and urine sediment were 
normal. 

At the end of one week the patient was sufficiently improved to leave the hos- 
pital, and was able to maintain his cardiac compensation fairly well on proper 
doses of digitalis for about eighteen months, when he again entered the hospital 
because of increasing dj'spnea. At this time there were a few rales at the bases 
of the lungs, and a soft systolic murmur was heard in the tliird intercostal space 
to the left of the sternum. The auricles were still fibrillating; the blood pressure 
was 96/72; the cardiothoracic ratio was 55 per cent; and the blood Wassermann 
and Kahn reactions were negative. After ten days of rest in bed he was again 
discharged. 

Within five months the patient was again hospitalized, and there was slightly 
more evidence of congestive failure. Auricular fibrillation was still present, and 
the cardiothoracic ratio was 60 per cent. Within two weeks he had recovered 
sufficiently to be discharged. 

Five months later he began to expectorate bright red blood, and, on admission 
to the hospital, his condition was essentially the same as on previous occasions 
except that there was evidence clinically and roentgenologically of consolidation 
at the base of the right lung. This was interpreted as a pulmonary infarct. 
Examiners thought that both a systolic and diastolic murmur were audible at the 
apex of the heart dnring this admission. His condition responded well to treat- 
ment; the heart rate dropped to SO per minute, and the blood pressure rose from 
88/60 to 100/68, but dyspnea on slight exertion persisted. He was allowed to 
return home under a physician’s care. 

A little less than six months later he entered the hospital for the last time, with 
slightly more marked congestive failure than on previous occasions. The heart rate 
was very rapid, a soft systolic murmur, but no diastolic murmur, was heard, and 
the blood pressure was 88/56. Digitalis was administered, and, in the course of a 
week, his heart rate had decreased to 60. He was improving satisfactorily when 
he suddenly became cyanotic and dyspneic and died witliin a few minutes. 

Autopsy . — The heart was enlarged in all diameters, and weighed 538 Gm. There 
was a small area of fibrous adhesions between the pericardial layers at the base 
of the pulmonary artery, without evidence of pericarditis elsewhere. The wall of 
the left ventricle was thickened, although both ventricles appeared to be dilated. 
No mural thrombi were attached to the endocardium, which was smooth and intact 
throughout. All of the valves were competent, and the mitral valve, in particular, 
showed only atheromatous change of the aortic leaflet, without any deformity. 
The aorta was not dilated in its first portion and showed only moderate athero- 
sclerosis •with calcification. In addition, there was longitudinal furrowing, without 
conspicuous wliitening of the intima, which did not strongly suggest syphilitic 
aortitis grossly. The coronary ostia, however, were above the commissural line, and 
the posterior orifice was lipped, causing some decrease in its size. The coronarj' 
arteries down to the smaller branches showed only a minimal amount of atheroma- 
tous change and no decrease in their lumens. 
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Ei^ologic Exammation . — The epicardium was thin, and showed the usual amount 
of fat. In the suhserous tissue there were several collections of plasma cells and 
small lymphocytes which were unrelated to blood vessels. The medium-sized coro- 
nary arteries showed some eccentric intinial thickening and vacuolization of the 
media, but little else, and the arterioles exhibited no damage. 

The myocardium showed hypertrophy, atrophy, and degeneration. In a layer 
three or four fibers thick, immediately beneath the subserous fat, the parenchyma 
of the muscle was exceedingly granular, and much of it was lost. No nuclei were 
seen, and the fibers were widely spread, but no hemorrhage or cellular infiltration 
was present. Prom this outer layer to the subendocardial layers, the muscle showed 
lijTpertrophy with secondary atrophy, sarcolytic degeneration, and widespread trans- 
verse fracture. The striations were fairly well preserved. There was a reduction 
in the number of muscle nuclei, which showed no uniformity in size, shape, or 
staining qualities. In the subendocardium there was another layer of muscle re- 
sembling that beneath the epicardium, but the necrosis was more widespread and 
severe. Even the blood vessels in this region showed destruction of the adventitia 
and media in places, with irregular fibrosis. Throughout the myocardium the 
interstitial spaces were very prominent, apparently because of edema, because many 
clear spaces were visible. There was no interstitial hemorrhage or accumulation 
of cells, and surprisingly little fibrosis was present, even in the areas which were 
most severely damaged. 

Grossly and microscopically, the kidneys showed no unusual changes except con- 
gestion. 

Smnmary . — A 53-year-old man gave a history of progressive myocardial in- 
sufficiency over a period of six j^ears; it was markedly improved by periods of 
hospitalization, but terminated in sudden and rather unexpected death. He had 
had auricular fibrillation for at least four years, and was very irregular in his 
use of digitalis when out of the hospital. Although there was a history of a 
genital lesion, the diagnosis of syphilis rvas not definitely established, and it was 
thought most probable before the autopsy that rheumatic mitral stenosis was the 
cause of his cardiac disease. No signs, however, were ever consistently elicited 
which would justify a diagnosis of mitral stenosis, and no other cause for the 
auricular fibrillation, cardiac enlargement, and myocardial insufficiency was found. 
The heart showed hypertrophy and degeneration which was most conspicuous be- 
neath the epicardium and endocardium. There was no evidence of valvular disease. 

Case 5. — J. G., a 50-year-old negro farm hand, was first admitted to the hospital 
April 2, 1937. He had been well until two years previously, when, shortly after the 
onset of an upper respiratory infection, he was awakened from sleep by a severe 
attack of breathlessness, cough, and wheezing that lasted all night. The following 
day his physician called the patient’s attention to the fact that his feet and ankles 
were swollen. After a month’s rest in bed the patient returned to work, and was 
able to do heavy farm labor without difficulty. 

One year later (1936), again in association with a cold, the patient’s dyspnea 
and edema returned, but disappeared after six weeks in bed, and the patient was 
able to return to heavy work about the farm. 

Four weeks before the patient entered the hospital, in 1937, cough, dyspnea, 
edema, and palpitation were again noted, but, despite rest in bed and digitalis, 
he became progressively worse. Physical examination revealed marked orthopnea and 
impairment of the percussion note and breath sounds, as well as crepitant inspira- 
torj- rfiles, at the bases of both lungs. The heart was enlarged; the beating was 
totally irregular, with an apical rate of 110 per minute ; and the heart sounds were 
distant and of poor quality, with accentuation of the second sound at the pulmonic 
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area. A soft systolic murmur was heard in the mitral area, and a similar murmur 
was audible at the base. Ascites and marked peripheral edema were noted. The 
blood pressure was 158/86. 

The blood cell count was normal; the urine showed traces of albumin and hyaline 
casts which disappeared as the patient imin-oved. On three occasions the blood 
Wassermann and Kalin reactions were strongly positive. An electrocardiogram 
showed auricular fibrillation, with -frequent ectopic ventricular contractions. The 
cardiothoracic ratio was 64 per cent. 

The patient improved rapidly with rest in bed and the administration of 
digitalis, so that, within a month, the signs of congestion in the lungs and super- 
ficial tissues had disappeared, although the liver was still enlarged. The blood pres- 
sure had dropped to 116/66, and sinus rhj'thm, with occasional ventricular pre- 
mature contractions, had been restored. There was, however, partial auriculo- 
ventricular block, with a P-E. interval between 0.20 and 0.30 second, and, in the 
chest lead, the primary QES deflection was downward. Improvement was continu- 
ous, and, at the end of two months, the patient was discharged entirely free of 
symptoms and without evidence of congestive failure, although the heart was con- 
siderably enlarged. 

Six weeks later the patient suffered exposure during a rain storm while watch- 
ing a ball game, and shortlj’ thereafter had symptoms and signs of failure again, 
probably as the result of a respiratory infection and the exertion of hurrying 
home. On admission to the hospital at this time there was a pleural effusion on 
the right side, in addition to puhuonary congestion and edema of the legs. The 
heart rhythm was of sinus origin, with occasional ventricular premature contrac- 
tions and an auriculoventricular conduction time at the upper limit of normal 
(0.20 second). There were no other definite abnormalities in the electrocardiogram 
except a low-voltage, W-shaped QES complex in Lead I which was not prolonged. 
Again the patient improved rapidly, and in one month’s time was allowed to leave 
the hospital. 

Soon after returning home he was forced to assume the responsibilities of his 
family because of his wife^’s illness, and the previous symptoms of failure promptly 
returned. It became necessary for him to re-enter the hospital only twenty days 
after his discharge. At this time the situation was the same as before, with pul- 
monary congestion,' edema, a large heart, sinus rhythm, a systolic murmur, and 
normal blood pressure. The auriculoventricular block previously noted was absent 
(P-E inteiwal 0.16 second), but the voltage of the QES complexes and T waves 
was low. The cardiothoracic ratio was 68 per cent, and the differential leucocyte 
count showed 42 per cent lymphocytes. 

The patient improved gradually, but, during this stay in the hospital, electro- 
cardiograms revealed a recurrence of the auriculoventricular block, at times with 
complete dissociation; in some instances the rhythm appeared to arise in the 
junctional tissues, for normal P waves could not be identified. Although this 
man’s symptoms and signs were largely relieved, he was advised against leaving 
the hospital because his exertion was too great at home. The patient discharged 
himself, against advice, but within a month had to re-enter the hospital for the 
fourth time because of marked congestive failure. After two weeks of rest in 
bed, however, the symptoms were completely relieved, and all signs of congestion, 
except the enlargement of the liver, had disappeared. Electrocardiograms taken 
during tliis period showed variable rhythms and phrticularly marked depression of 
the sinus pacemaker, so that ventricular escape occurred. This apparently was not 
due to digitalis. 

The patient was hospitalized in another institution for congestive heart failure 
about one month after leaving this Eacility. He manifested the usual prompt 
improvement on the hospital regime, but quickly developed failure again at home. 
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and was admitted to this hospital for the last time in July, 1938. In spite of the 
severe failure the heart rate was only 62, and, in the electrocardiogram, no P 
waves could he recognized; the QES complexes were of low voltage of supraven- 
tricular origin except for occasional ectopic ventricular heats. 

This time the patient did not respond to treatment, and died about three years • 
after the first onset of symptoms. A few days before death an area of consolida- 
tion was discovered in the mid-portion of the right lung; this was thought to be 
infarction or pneumonia. 

Autopsy . — The heart was markedly enlarged in all diameters; it weighed 533 
Gm., and the pericardial sac contained about 100 c.c. of deep-yellow-colored fluid. 
The ventricular walls were thin, firm, and seemed fibrous when cut. An ante-mortem 
thrombus was enmeshed in the columnae carneae of the left ventricle. 

The aortic valve cusps were not deformed, but the commissures were somewhat 
widened and the margins adjacent to the aorta slightly bound down, so that the 
valve pocket was smaller than usual. Although a water test was not done, it was 
assumed that this valve was competent, for a diastolic murmur was never heard, 
and the valve cusps seemed adequate to close the orifice, which was not widened. 
The other valves were normal. 

The aorta in its first part was dilated and relatively inelastic. The surface was 
roughened by raised atheromatous plaques, furrowing, and an occasional, depressed, 
whitish scar suggestive of syphilitic aortitis. There was no obstruction of the 
coronary ostia, and the arteries showed only a minimal amount of flat atheromatous 
change, without any obstruction. 

In the right kidney there were two areas of healed infarction, and in the upper 
lobe of the right lung there was a recent hemorrhagic infarct. 

Histologic Examination . — The muscle fibers were for the most part enlarged, 
but many showed secondary atrophy, necrosis, and fibrous tissue replacement. The 
striations were distinct, although many of the enlarged fibers stained poorly and 
were vacuolated and fractured. The muscle nuclei were enlarged, with blunted ends. 
Interstitial spaces were prominent, and the entire connective tissue supporting 
structure of the heart was accentuated. Throughout the ventricular wall there were 
small, localized areas of muscle damage and fibrosis in which only a few scattered 
erythrocytes were seen; leucocytes, plasma cells, and fibroblasts were conspicuously 
scarce. In the older areas of damage, fibrosis rvas complete, and this was particu- 
larly true in the subendocardium, -where the damage had been most severe. 

The larger coronary arteries showed some intimal thickening which did not 
significantly encroach upon the lumens, and the smaller vessels were thin walled, 
with a slight increase of perivascular connective tissue, but no other cellular ele- 
ments. 

Beneath the partially organized thrombus on the endocardial surface there was 
a definite leucocytic and fibroblastic infiltration. 

Summary . — A 50-year-old negro farm laborer had eight attacks of myocardial 
insufficiency, with congestion, in the three years before his death. These began 
originally with an attack simulating bronchial asthma, but subsequent events did 
not seem to confirm the original impression that the heart failure was primarily the 
result of pulmonary hypertension. None of the other common causes of heart 
strain, such as arterial hypertension and valvular disease, were present to account 
for the marked cardiac enlargement and myocardial insufficiency. It was thought 
tliat this case might be one of syphilitic myocarditis, although the surprising 
recuperative power of the heart seemed incompatible with the usual conceptions of 
this disease. The heart was enlarged, and there were areas of muscle damage and 
fibrosis throughout the myocardium. 
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COMMENT 

These five patients were men between the ages of 40 and 53 years. 
Two were white and three were negroes, but, in proportion to their 
representation in the hospital population, the preponderance of colored 
patients in this group is more than three to two. The clinical manifesta- 
tions were varied, although all had recurring attacks of congestive heart 
failure over periods lasting from 22 months to 6 years. Three had 
auricular fibrillation at some time during their iUness, and one had it 
consistently; two showed the characteristic pattern of left bundle branch 
block (new nomenclature) in their electrocardiograms, and two had 
partial auriculoventricular block. A relative and absolute increase in 
the number of lymphocytes and large mononuclear cells was noted in 
the differential leucocyte counts of two patients, and in two of the five 
cases a pulmonary infarct was diagnosed, one before death and the other 
at autopsy. 

These patients are grouped together, however, because each exhibited 
cardiac enlargement, with myocardial damage and insufficiency, for 
which no adequate cause could be found. At autopsy no congenital de- 
fects, dynamically significant valvular deformities, or coronary oc- 
clusions were demonstrated, and the moderate elevation of the diastolic 
blood pressure exhibited by some during periods of failure was not 
considered evidence of a chronic hypertensive state. In the past^ it has 
often been assumed that, when cardiac hypertrophy is found at autopsy, 
it is due to arterial hypertension, providing other causes are not ap- 
parent, and even when evidence is lacking that the blood pressure was 
ever elevated. Our patients did not have more than moderate elevation 
of their diastolic pressures during their illnesses, and this returned to 
levels below the usually accepted upper limits of normal when compensa- 
tion Avas regained. Furthermore, none of these patients had any sig- 
nificant degree of the renal arteriolar sclerosis or arteriosclerosis Avhich 
is observed^ in a high percentage of cases of persistent arterial hyper- 
tension of sufficient severity to cause heart failure and death. Cardiac 
hj’-pertrophy and congestive failure, in the absence of hypertension or 
any obvious cause, have also been reported by others.® None of our pa- 
tients presented any clinical signs or symptoms suggestive of hyper- 
thju'oidism, seA'^ere anemia, metabolic disorders, or avitaminosis, and the 
pathologic examinations failed to reveal any definite clues as to etiology. 
Hypertrophy’ of the A’^entrieles, as indicated by increased heart Aveight 
and enlargement of the muscle fibers, AA'as present in all eases, and ap- 
parently occurred in the absence of the usual factors that increase the 
load against AA'hich the heart must Avork. Since sections from both ven- 
tricles AA’ere not routinely studied, it cannot lie stated, except in one case, 
that both the right and left A^entrieles AA^ere hypertrophied. In addition 
to the hjqoertrophy, a widening of the tissue spaces AA'as generally con- 
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spiciioiis and was perhaps due to interstitial edema. These spaces were 
usually clear, occasionally with some increase in the density of the 
ground substance; less commonly they contained a loose fibrillar net- 
work. There was some increase in perivascular fibrosis, but very little 
interstitial fibrosis except in one case, in which it was both diffuse and 
extensive in the walls of all chambers. For the most part the severely 
damaged portions of the myocardium showed little fibrosis. 

In the sections studied, cellular infiltration was not prominent. There 
were a few clusters of cells not related to blood vessels in the epicardium 
of several hearts; there were collections of small round cells beneath 
ante-mortem thrombi on the endocardium in two cases and about a blood 
vessel in another, but otherwise only scattered, small groups of mono- 
nuclear leucocytes, plasma cells, and fibroblasts were seen. Two hearts 
showed areas of interstitial hemorrhage and collections of hemosiderin 
pigment which were easily accounted for bj’- the damaged arterioles. 

The most important microscopic change observed in all cases was de- 
generation of the muscle, which, however, vai’ied considerably from 
heart to heart in character, extent, and severity. In four of the five 
cases the most marked damage was in the subendocardial region, al- 
though it was not limited to this area. In one case there was a layer 
of necrosis beneath the endocardium and a similar one beneath the epi- 
cardium, but the muscle between was little involved. There were areas 
of damage throughout the muscle of all four chambers of one heart, 
whereas in others there were small, localized patches of necrosis, in addi- 
tion to the more extensive subendocardial damage. The damaged muscle 
fibers were usually palely staining and retained their striations, although 
the transverse ones were frequently difficult to see. Cross fragmenta- 
tion, sometimes with fibrosis between the opposing ends, was common, 
and in these cases the process appeared to represent a “melting,” for 
the distribution of sarcoplasm was uniform to the point of fracture. In 
some sections the muscle fibers were granular, and in others there was a 
loss of sarcoplasm, producing a moth-eaten appearance. This even in- 
volved the media of the arterioles in three cases, so that the architecture 
of the wall was destroyed but the lumen was not encroached upon. In 
only one case was the lumen of a small coronary artery obstructed, and 
this probably was the result rather than the cause of the degenerative 
process in the muscle, for the latter extended far beyond the distribution 
of this particular vessel. 


These pathologic changes were interpreted as primarily degenerative 
in character, rather than inflammatory, because the usual cellular in- 
filtration of infiammation was not predominant. The terms “inter- 


stitial,” “isolated,” “diffuse,” and “primary” myocarditis have been 
used*-‘= to describe the lesions (cellular infiltration) encountered in the 
hearts of patients who died from heart failure without obvious cause. 
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Although the changes observed in our eases do not justify the diagnosis 
of myocarditis, there was considerable similarity between the clinical 
course of our patients and that described for those with myocarditis. 
Others” have reported “nonsuppurative myocardial degeneration with 
dilatation and hypertrophy” in children, and “idiopatliic mjmcardial 
degeneration”® in the puerperal period, with descriptions of myocardial 
damage which more closely approximates the observations in our cases. 
These authors were unable to suggest a satisfactory explanation for the 
pathologic changes, butj unlike their patients, four of ours gave a history 
or had serologic evidence of sj'^philis, with suggestive changes in the 
aorta which did not affect the coronary ostia or aortic valve enough to 
account for the myocardial damage. The fifth patient was a negro who 
gave no history of infection, treatment, or a positive serologic reaction. 
Although the spinal fluid was not examined, the aorta was not grossly 
involved and, therefore, no definite evidence of syphilis was found in 
this case. The possibility that syphilis was responsible for the cardiac 
manifestations in these eases cannot be dismissed, however, even though 
the ability of the Trepon&ma ‘pallidum to attack the myocardium di- 
rectly, except in the production of gummatous lesions, has never been 
decisively proved. In the earlier stages of syphilitic cardiovascular dis- 
ease, manifested only by aortitis, it is not uncommon for the patient to 
complain of symptoms suggesting myocardial insufficiency, frequently 
without pain referred to the heart. This is difficult to explain as a 
result of aortic involvement alone, even if some degree of coronary ostia 
occlusion is assumed, and modern textbooks®'^® admit the possibility that 
syphilitic myocarditis may occur, but consider vit a rare phenomenon. 
Certainly the clinical criteria for the diagnosis are vague, and the final 
conclusion in such cases has been reached partly by exclusion of other 
causes. Hamman and Bicli^’- and MagilP^ reported what they considered 
to be cases of syphilitic myocarditis, characterized by a history or 
serologic evidence of syphilis, cardiac enlargement, and myocardial 
insufficiency, without any of the usual causes associated with these mani- 
festations. Their diagnoses depended to some extent upon histologic 
evidence, although they were not able to demonstrate spiroelietes in the 
tissue or isolate them by the injection of macerated muscle into a rabbif?^s 
testicle. The pathologic criteria are uncertain, however, for there is 
little agreement as to the microscopic appearance of nongummatous 
syphilitic myocardial involvement.^®'^” Warthin’s^®’ demonstration 
of spirochetes in the myocardium in many cases of syphilis has never 
been suceessfulty repeated, and the other diagnostic criteria, such as 
interstitial edema, focal accumulations of round cells, and fibrosis, have 
been observed by us, as -well as by others,^* in cases of myocardial in- 
sufficiencj- when syphilis played no part. Therefore, the fact that the 
pathologic process in our cases seemed to us to be more degenerative 
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than inflammatory ■would not necessarily escl'nde syphilis as the causa- 
tive factor. No other etiology was suggested by long clinical observation 
and pathologic study, although it should be emphasized that the syn- 
drome and even the pathologic changes might easily have been ascribed 
to coronary arteriosclerosis, employing the usual criteria, if it had not 
been kno-wn that the coronary arteries were not obstructed in any way. 

The five cases reported here represent only a small percentage of all 
patients with cardiac disease, but it is our impression that this group 
might be easily enlarged liy the inclusion of other patients, particularly 
negroes with syphilis who iiresent evidence of cardiac enlargement and 
myocardial damage and insufficiency, without apparent adequate cause. 
The proof that syphilis is of etiologic importance in these instances, how- 
ever, awaits the development of more exact criteria. 

SUMMARY 

Five eases of fatal heart failure, •\^dth necropsy, are reported. 

All of the patients showed cardiac hj^pertrophy and myocardial de- 
generation, without evidence of hypertension, valvular disease, coronary 
artery disease, or any of the less common causes of these structural 
changes. 

Four of the five patients presented suggestive evidence of syphilis 
in the history, serologic reaction, or aorta, and the possible etiologic 
relationship of this disease to the myocardial lesions is discussed. 
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A SYNDROME DUE TO OCCLUSION OF ALL ARTERIES 
ARISING FROM THE AORTIC ARCH 

Report of a Case Featured by Primary Thrombocytosis and 
Autohem AGGL.UTIN ation 

P. M. Aggeler, M.D., S. P. Lucia, M.D., and J. H. Thompson, M.D. 

San Francisco, Calif. 

C OMPLETE absence of pulsations in aR arteries of the upper ex- 
tremities and neck is extremely unusual. We take this opportunity 
to report such a case, in which bilateral cataracts, proliferative retinitis, 
and atrophic rhinitis were complications. Other unusual abnormalities 
were thrombocytosis and autohemagglutination. 

CASE report 

U. C. H. No. TI61721 was a Spanish woman, aged 29 years. 

First Entry , — July 30, 1940, to Sept. 14, 1940. 

Present Illness . — ^Four years before entry the patient suddenly collapsed and fell 
to the floor; following tliis she became progressively weakened. Her hands and 
feet felt cold and at times were blue. She suffered from palpitation and a transient 
substernal ache brought on by slight exertion. She became dizzy on arising quickly 
from the supine position. Her memory was markedly impaired for both recent 
and remote events, and she suffered from emotional instability. Her vision became 
blurred because of gradually developing cataracts. In December, 1938, a cataract 
was removed from the right eye without restoration of vision, and from November, 
1939, she had been totally blind. 

The past history and family history were noncontributory. The patient had 
never used tobacco or alcohol and had not taken dinitrophenol. There was no 
iiistor}' of sypliilis. Four children were living and well, aged 9 years, 7 years, 5 
years, and 2 months, respectively. One miscarriage (twins) occurred shortly before 
the onset of the present illness. 

Additional history obtained from physicians who had previously attended the 
patient revealed that between February and June, 1931, a number of blood pressure 
readings in the arms varied between 120/70 and 136/80. In July, 1937, the blood 
pressure in the arms was 100/60. In November, 1938, no blood pressure measure- 
ments could be obtained in either arm, and the radial pulses were not palpable. 
Tlie blood pressure in the legs was 160 to 170, systolic, with indefinite diastolic 
readings. Oscillometrie readings were zero in both arms, 6 in the left thigh, and 
4 in the right thigh. A strong pulsation rvas present in the suprasternal notch. 
Tlie carotid pulse was palpated on the right, but not on the left. A loud to-and-fro 
murmur, transmitted into the neck, was heard over the left sterno-clavicular region, 
left supraclavicular area, and left second intercostal space. Roentgenograms of 
the chest showed nothing abnormal except rudimentary seventh cervical ribs. A 
scalene ctomy and resection of the left cervical rib, which were done January 13, 
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1939, revealed a fibrosed subclavian vein crossing tlie first rib, medial to the 
scalenus anticus tendon; the subclavian artery was not seen. In December, 1938, 
examination of the ocular fundi revealed a meshwork of new blood vessels growing 
over both discs. The temporal half of the right lens was opaque, and the patient 
was not able to count fingers with this eye at a distance of more than 1 foot. 
Vision in the left ej^e was 20/40. A cataract was removed from the right eye 
without restoration of vision. Laboratory examination at that time revealed that 
the basal metabolic rate was —12 per cent, the serum calcium, 9.5 mg. per cent, 
the serum phosphorus, 3.35 mg. per cent, the urea clearance, 62 per cent, the venous 
pressure (antecubital vein), 10 cm. of water', and that the arm-to-tongue and 
arm-to-lung circulation times were 16.5 and 8.5 sec., respectively. 

Physical Examination . — The patient was a well-developed, poorly nourished woman. 
Tire skin was warm and dry. The lymph nodes were not enlarged. The extraocular 
movements were normal. The pupils were dilated and irregular, and did not react 
to light or in accommodation. The bulbar conjunctivae were markedly injected. 
Slit-lamp examination of the conjunctivae showed clumps of erythrocytes trayeling 
as units in the larger vessels; the normal differential ratio of flow of blood con- 
stituents (from center to periphery of vessel) was not present; the small venules 
and capillaries contained columns of blood cells in rouleaux. Ophthalmoscopic 
examination (right e 3 'e) : linear incisional scar of the cornea; optic nerve head 
atrophic, margins blurred, irregular, and without perceptible elevation or depres- 
sion; many arterioles occluded and obliterated and some bloodless (ghost-vessels) ; 
large areas of retinal hemorrhage; macula not seen. A dense cataract prevented 
seeing the left fundus. Light and color perception was intact, but light projection 
was questionable in all but the nasal field of the left eye. There was faint per- 
ception of light in the right ej'e. The nasal mucous membrane was crusted, and 
there was a large perforation of the septum. Marked periodontoclasia was present. 
The tonsils were atrophic. The thyroid was not enlarged. There was marked 
pulsation of the vessels in the suprasternal notch. The chest, breasts, and lungs 
were normal. The left half of the diaphragm was elevated 6 cm. above the right. 
The area of cardiac dullness extended 6 cm. to the left of the midsternal line in 
the fifth intercostal space; the heart sounds were loud and snapping; the rhythm 
was normal and the rate was 102 per minute; a soft, blowing, systolic murmur was 
heard at the apex, and another was localized over the aortic area; there were no 
thrills; the aortic second sound was louder than the pulmonic second. The abdo- 
men, extremities, and nervous system were normal. Psjmhiatric examination dis- 
closed impaired memoi-y for recent and past events. Examination of the peripheral 
vascular system showed no unusual color or thermal changes. The carotid, sub- 
clavian, brachial, radial, ulnar, and intercostal arteries were not palpable or pul- 
satile. The pulsations in the abdominal aorta and arteries of the lower extremities 
were normal. Ho collateral circulation was visible over the chest or shoulder 
girdle. The blood pressure was not obtainable in the arms; in the left leg it was 
160/100; in the right leg, 140/100.1 The oscillometric readings were zero in both 
arms, 4 in the right lower leg, and 3.5 in the left lower leg. The venous pressure 
was not increased. Tliere were verj' few visible or palpable superficial veins. Tests 
for reactive hyperemia in both arms were normal. There was neither excessive 
blanching on elevation of the limbs nor cyanosis in the dependent position. 

Lahoratory Data . — Hemoglobin was 9.6 Gm., or 70 per cent; erjdhrocyte count, 
4,400,000; leucocj'te count, 8,900; P.M.N., 42 per cent (filaments 40 per cent, non- 
filaments 2 per cent) ; lymphoejdes, 40 per cent; monocytes, 18 per cent. 

Platelet count (Pees and Ecker) : 10 platelet counts during the six weeks’ 
observation varied between 1,200,000 and 1,500,000. 

Packed cell volume was 35. 

Sedimentation rate (Linzenmeier) was 14 minutes. 
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Auto-agglutination of erythrocytes occurred at body, room, and icebox tempera- 
ture. 



Fig. 1. — Sternal bone marrow biopsy, demonstrating increased numbers of megakaryo- 
cytes (X120, hematoxylin and eosin stain). 



Pig. 2. — High power magnification (X700) of sternal bone marrow biopsy, demonstrat- 
ing megakaryocjU;es and active erythropoiesis (hematoxylin and eosin stain). 

Sternal biopsy (Pigs. 1 and 2) : Hyperplasia of both myeloid and erythro- 
poietic series was observed. Megaharyocytes were normal in appearance, but in- 
creased in number (one to five per oil-immersion field). Eosinophiles were present 
lu great numbers. There was an excessive number of platelets on the smear of the 
material obtained by sternal puncture. Intact megakaryocytes were infrequent, but 
many large agminations of nuclear material, surrounded by masses of adherent 
thronibocj'tes, were present. These tended to form "streamers” during the course 
of making smear preparations (Pigs. 3, 4, and 5). 
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Capillary fragility (Dalldorf) -^vas slightly increased. 
Plasma ascorbic acid was 0.19 mg. per cent. 

Bleeding time (Ivy) was 3 minutes. 

Coagulation time (Lee and White) was S minutes. 
Eecalcified plasma coagulation time^ was 90 seconds. 



Pig. 3. — Smear preparation demonstrating megakaryocyte obtained by sternal bone 
marrow puncture (X700, Giemsa stain). 



Pig. 4. — Smear preparation demonstrating megakai'yocyte obtained by sternal bone 
marrow puncture (X700, Giemsa stain). 

Prothrombin concentration (Quick) was 110 per cent. 

Clot retraction was normal. 

Urinalj'sis, P.S.P. excretion, Mosenthal, Diodrast clearance tests,* and intravenous 
pyelograms were normal. 

Stool was normal. 

Serum calcium was 10.85 mg. per cent. 

•The authors are Indebted to Hr. Meyer Friedman for this determination. 





AGGEL.ER, ET AL. ; SYNDROME DUE TO OCCLUSION 


829 


Scram pliospliorus was 5.20 mg. per cent. 

Scram proteins: Total, S.OO per, cent; albumin, 4.21 per cent; globulin, 3.79 
per cent. 

Circulation time (Decliolin) was 15.5 sec. 

Kolmer and Kalm tests were negative. 

Electrocardiogram showed sinoauricular tachycardia. Bate was 106. T, was 
diphasic; T,, inverted; T„ notched and low. 

Skin temperatures over the entire body were essentially normal. 



rig. 5. — Smear preparation demonstrating agminations of platelets obtained by sternal 

puncture (X700, Glemsa stain). 

Biopsy . — ^Histologic examination of sections of an artery 2 mm. in diameter, 
situated in the usual location of the right brachial artery, and of sections from 
the right pectoral, biceps, and gastrocnemius muscles revealed normal striated 
muscle and normal appearing, thin-walled arterioles and venules. 

Eoentgenologic Examinations: Chest (including fluoroscopy). — A cervical rib 
was present on the right side. There was a small fragment of bone in the region 
from which the left cervical rib had been removed. There w’ere no abnormal aortic 
pulsations. The heart and great vessel shadows were withia normal limits. The 
left half of the diaphragm was elevated and moved physiologically, but with a lag. 
Abdomen . — The spleen appeared to be of normal size. Slceletal system . — The bony 
density was essentially normal. There was a slight alteration of the trabecular 
pattern of the ileum and of the inferior articular process of the second lumbar 
vertebra. There were a few minor cystic changes in the greater tuberosity of the 
right humerus and in the neck of the left femur. The vascular markings of the 
skull were prominent sjmmetrically. The joint surfaces and joint spaces were 
normal. 

Secosxd Entri/.— Eeb. 26, 1941, to March 8, 1941. 

During the intervening six months the patient had noted increasing weakness, 
frequent headaches, and occasional nervous spells. Her nose had become tender, 
and two weeks before entry the bridge had collapsed, producing a saddle deformity. 
All of Iier upper teeth had been removed. Her general condition was essentially 
as before, except that she appeared to be more weakened. There was marked 
crusting of the mucous membrane in both nares. There was a mature cataract in 
the left eye. The right eye showed an old retinitis proliferans, with new-formed 
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vessels and partial detachment of the retina. The presence of hemorrhages signified 
that the process was still active. Examination. of the heart was of interest in that 
the murmurs which had been prewouslj'- heard were now inaudible. There was a 
marked increase in the amount of hair on the legs. 

Diodrast cardiograms, done according to the Robb- Steinberg technique, revealed 
no abnormalities of the heart or aorta. Spinal fluid examination showed that 
Kolmer was negative; colloidal gold, 0012210000; protein, 43.1 mg. per cent; cell 
count, 3 lymphocytes. Infrared photographs revealed no increase in venous circu- 
lation. Two platelet counts were 820,000 and 890,000, respectively. 

REVIEW OF PREWOUS CASES 

Five cases of complete absence of pulsations in the carotid arteries and 
in the arteries of both upper extremities have been reported; in all of 
them the loss of pulsation was presumablj’- due to syphilitic involvement 
of the transverse arch of the aorta (Table I). There are striking simi- 
larities in the s^'^mptomatology in these cases and the case herein re- 
ported. In all cases, the pulsations in the vessels of the lower extremities 
were normal. There were evidences of circulatory insufficiency in the 
arms in onl3'- one ease.'^ The central nervous sj'^stem S3'^mptoms included 
headaches, vertigo, syncope, emotional instabilit3’^, delirium, loss of 
memory, aphasia, and hemiplegia. Vertigo and syncope were frequently 
brought on by arising quickl3^ from the supine position. Ocular mani- 
festations included photophobia, choroiditis, cataracts, and proliferative 
retinitis. The subject of this report had, in addition, atrophic rhinitis. 
It seems probable that the essential pathologic process was similar in 
all of the cases reviewed, i.e., occlusion of the large vessels arising from 
the arch of the aorta. 

Eden® has recentl3‘ reviewed the literature dealing with the vascular 
complications arising from cervical and abnormal first thoracic ribs. 
Those patients who had absence of the radial pulse showed evidences of 
circulatory insufficienc3^ in the affected arm. In a few, the pulsations 
returned after removal of the cervical rib. In no instance were both 
radial pulses absent, and never were abnormalities of the carotid pulse 
observed. Although cervical ribs were present bilaterally in our case, 
the3’' did not appear to be the cause of the vascular abnormalities. 

Absence of pulsation in the carotid arteries and in the arteries of the 
arms has oecasionall3'' been noted in cases of dissecting aneuiysm of 
the aorta.® However, such a diagnosis was considered untenable in this 
ease because there was no histor3'’ of chest pain, d3’’spnea, or h3’’perten- 
sion, and there were no evidences of circulator3’’ insufficienc3'' in the arms. 

N3^gaard and Brown^” have described “essential thrombophilia” as a 
condition occurring in previousl3’^ health3' subjects, characterized b3'^ 
sudden, widespread occlusion of major arteries and veins, with marked 
signs of cii-culatory insufficienc3’- often resulting in gangrene, and with 
insignificant histopathologic changes in the involved vessels. They ob- 
served variations in the plasma coagulation time in some of their pa- 
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tients. In the one case in which the platelet count was significantly 
elevated, no histopathologic examination of the tissues was performed, 
so that it cannot be classified as a proved case of "essential thrombo- 
philia.” It is apparent that our patient’s disease did not resemble this 
condition. The constant thrombocytosis and the absence of any demon- 
strable cause of the vascular occlusions suggested the possibility that our 
patient was suffering from an ob.seure thrombotic process due to ac- 
celerated and pathologic coagulation of the blood. An increase in the 
number of platelets in the circulating blood, occurring as a primary dis- 
ease, is an extremely rare condition, although secondary thrombo- 
cytosis is not uncommon in myeloid leueemia, polycythemia, megakaryo- 
cytic leueemia, and after splenectomy.^^ Among the reported cases of 
primary thrombocytosis, in that of Epstein, et al.,^^’ there was atrophy 
of the spleen, and, in that of XJotila,^^ marked leucocytosis and, at times, 
polycythemia. In one of the two eases reported hy Rowlands and 
Vaizey,^® the spleen was enlarged to the level of the umbilicus and slight 
polyejdhemia was present. In the subject of our report, no condition 
known to be associated with a secondary elevation of the platelet count 
was found to be present. There was a moderate increase in the mega- 
karyocytes of the sternal bone marrow, and in the smear of the material 
obtained by sternal puncture there Avere a feAv intact megakaryocytes 
and many large agminations of nuclear material surrounded by masses 
of adherent thrombocytes. The spleen was not palpable, and roentgeno- 
logically it was found to be of normal size. Aside from the increased 
platelet count, no abnormalities in the bleeding and clotting mechanism 
of this patient Avere demonstrated. 

A further investigation of the coagulative potency of the plasma Avas 
performed in the folloAving manner. Nine cubic centimeters of blood 
Avere AvithdraAvn from tlie anteeubital vein, mixed quickly Avith 1 c.c, 
of a 1.34; per cent solution of sodium oxalate in a test tube, and cen- 
trifugalized at 2,000 r.p.m. for 10 minutes. Varying amounts of the 
supernatant plasma Avere pipetted into 13 by 100 mm. glass tubes, and 
placed in a Avater bath at 37° C. Tavo cubic centimeters of blood ob- 
tained from the anteeubital vein of a patient Avith hemophilia (Avhole 
blood coagulation time, 50 minutes) Avere added to each of these tubes 
and the coagulation time measured to the nearest half minute. The 
results are given in Table II. It can be seen readily that there Avas no 
significant difference in the ability of this plasma and normal plasma 
to accelerate the coagulation of hemophilic blood. 

Among the many factors AAdiich favor the agglutination of platelets, 
and hence influence the occurrence of thrombosis, is to be included an 
increase in the concentration of the Aveakly electronegative proteins, 
i.e., fibrinogen and globulin. Autohemagglutination, associated witli 
byperglobulinemia, is often found in patients Avith multiple m3mloma. 



832 


THE AMERICAN HEART JOURNAL 


Table I 

Previously Reported Cases of Complete Absence of Pulsation of Arteries 

Arising From Aortio Arch 


AUTHOR 

AGE 

sex 

SYMPTOMS 

SIGNS 

PATHOLOGIC 

CHANGES 

Shikharea 

Middle 

aged 

M 

1 

Vertigo, photo- 
phobia, and pe- 
riods of syn- 
cope 

All arteries of 
upper half of 
body non- 
pulsatile 

Autopsy: Fusi- 
form aneurysm 
of ascending 
and transverse 
aorta. Lumina 
of large vessels 
arising from 
arch occluded 
by ante-mor- 
tem thrombus, 
which had 
propagated 
from large clot 
in aortic arch 

Crawford^ 

52 

M 

! 

Occipital head- 
aches, pain in 
back of neck, 
dyspnea, ver- 
tigo, cough, 
and tingling of 
left thumb. 
Badial pulse 
noted to have 
been absent 6 
weeks pre- 
viously 

Radial, brachial, 
and external 
carotid pulsa- 
tions absent. 
Systolic blood 
pressure in 
legs, 125 mm. 
Hg 

Flouroscopy : 
Aneurysm of 
arch and de- 
scending aorta 

Kampmeier and 
Neumanns 

35 

1 

1 

i 

M 

Recurrent periods 
of vertigo and 
syncope, par- 
ticularly on 
arising from 
supine posi- 
tion. Left 
radial pulse 
noted to have 
been absent 2 
years previ- 
ously 

Radial, brachial, 
and carotid 
pulsations ab- 
sent. Visible 
and palpable 
systolic pulsa- 
tions at angle 
of left scapula. 
B.P. in legs, 
178/110 

Fluoroscopy: 
Aneurysm of 
ascending and 
transverse 
aorta 

Cohen and 
Davies 

60 

i 

i 

M 

1 

Onset of symp- 
toms 12 years 
previously, ac- 
companied by 
cataract of left 
eye. Headache, 
attacks of syn- 
cope, delirium, 
and cardiac 
failure 

Radial and ca- 
, Totid pulsa- 
tions absent. 
Numerous 
small pulsating 
subcutaneous 
vessels over 
chest and up- 
per abdomen. 
Systolic blood 
pressure in 
arms, 40 to 50 
mm. Hg, in 
legs, 210 mm. 
Hg. Marked 
retinal arterio- 
sclerosis of 
right eye. Left 
eye obscured 
by cataract 

Autopsy : Fusi- 

form aneurysm 
of ascending 
and transverse 
aorta. Orifices 
of aU vessels 
arising from 
arch obliter- 
ated 
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Table I — Cont’d 


AUTHOR 

AGE 

SEX 

SYMPTOMS 

SIGNS 

PATHOLOGIC 

CHANGES 

Maurer^ 

1 

33 

! 

1 


Right hemiplegia 
3.5 years pre- 
viously, fol- 
lowed by com- 
plete aphasia 
and numerous 
periods of syn- 
cope, and weak- 
ness brought on 
particularly by 
sitting upright 
and relieved by 
lying down 

1 

SMn over shoul- 
der girdle, up- 
per extremities, 
head, and neck 
less warm than 
rest of body. 
Lips and nail 
beds cyanotic. 
No pulsations 
in carotids or 
arteries of up- 
per extremity. 
Arms and 
hands atrophic. 
Systolic B.P. 
in legs, 120 
mm. Hg 

Autopsy: Sac- 
cular aneurysm 
of transverse 
arch of aorta. 
Arch filled 
with laminated 
clot with 
thrombotic ex- 
tensions com- 
pletely occlud- 
ing innomi- 
nate, left com- 
mon carotid, 
and left sub- 
clavian artery 


Table II 


AMOUNT OP HEMO- 
PHILIC BLOOn (c.c.) 

AMOUNT OP PLASMA 
(O.C.) 

COAGULATION TIME 

WITH PATIENT’S 
PLASMA (MIN.) 

WITH NORMAL 
CONTROL PLASMA 
(MIN.) 

2 


26 

24 

2 


10 

8 

2 


5.5 

5.5 


However, tlirombosis is an unusual oeeurrence in this disease. Wintrobe 
and BuelP® found two such repoi’ts in the literature, and added a third. 
Their patient had thrombosis of the retinal veins and symptoms suggest- 
ing Raynaud’s disease. McCombs and McElroy^" reported an instance 
of autohemagglutination due to a cold-agglutinin in a patient with 
peripheral vascular symptoms. In our ease, tlie globulin content of the 
serum was onty slightly increased. Marked agmination of the erythro- 
cytes was observed in the small blood vessels in the conjunctiva. Auto- 
hemagglutination due to a pseudo-agglutinin was observed in vitro. 
Roentgenologic examination of the entire skeleton revealed no evidence 
of myeloma. The plasma cells were not increased in the sternal bone 
marrow. 

Because of the localization of the occlusive process to the large vessels 
arising from the arch of the aorta, it seems unlikely that changes in 
the blood plasma or an increase in the number of circulating blood 
platelets could have been entirely responsible for this condition. The 
etiology in our patient therefore remains obscure. 

SUMMARY 

A syndrome due to occlusion of all of the vessels arising from the arch 
of the aorta has been described, and a case reported. The condition is 
characterized by complete absence of pulsations in the carotid arteries 
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and in the arteries of both upper extremities.. The following may be 
present; (1) central nervous system symptoms, including headaches, 
vertigo, sjmcope, emotional instability, delirium, loss of memory, aphasia, 
and hemiplegia; (2) ocular manifestations, including photophobia, 
choroiditis, cataracts, and proliferative retinitis; (3) atrophic rhinitis; 
and (4) atrophy of the arms and hands. 

Although syphilis was presumed to be the etiologic agent in the pre- 
viously reported eases, no evidence of its presence could be found in this 
case. The exact etiology is unknown, although thrombocytosis and auto- 
hemagglutination may have been contributing factors. 
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PASSAGE OF A HOLLOAV NEEDLE INTO THE VENOUS BLOOD 
STREAM TO THE HEART, THROUGH THE CARDIAC WALL, 
AND INTO THE THORAX 

Report of a Case 

Shepard Shapiro, M.D. 

New York, N. Y. 

T his report is one of a ease in wliicli a needle whieli was being used 
for an intravenous injection became separated from the bub and 
entered the blood stream. 

The circumstances were as follows: A physician was giving an in- 
jection into the left cephalic vein of a 45-year-old white man on May 
28, 1938. Upon completion of the injection he applied pressure at the 
point of puncture with a small pledget of cotton, in order to avoid 
leakage, and attempted to withdraw the needle. Only the hub of the 
needle, however, remained attached to the syringe. Diligent search of 
the surrounding tissue failed to locate the lost part of the needle. The 
patient did not complain of pain or other symptoms. Roentgenograms 
of the arm and chest, taken the same day, failed to show the needle. 
However, the patient w^as observed at frequent intervals thereafter, and, 
on June 24, 1938, about one month after the injection, a posteroanterior 
roentgenogram of the chest revealed a linear shadow, the dimensions 
of which corresponded exactly to those of the lost needle. The needle 
was lying horizontally at tlie level of tlie eiglitli thoracic vertebra (Pig. 
1). Fluoroscopic examination showed that the needle lay outside the 
heart, and appeared to be embedded in the prepericardial fat between 
tlie inferior surface of the apex of tlie Iieart and the left dome of the 
diaphragm. 

The patient has not had any complaint referable to the circulation, 
heart, lungs, or pleura. Roentgenographic and fluoroscopic examination 
of the chest on July 7, 1938, showed that the shadow was in the same 
location. Pour subsequent examinations, the last on March 27, 1940, 
revealed no alteration in the position of the needle. 

Tlie electrocardiograms were normal. The blood pressure has been 
constan tly 120/80. The heart rate has averaged 76 jier minute, and the 
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rhytlim has been normal. Cardiac murmurs have never been heard, and 
the size of the heart has remained normal. At present the patient is 
active and works as a commercial artist, which is his usual occupation. 



Fig-. 1, — The arrows point to the needle shadow between the inferior surface of the 
heart and the left dome of the diaphragm. 

DISCUSSION 

From its location in the chest, it is apparent that the needle must 
have entered the heart, passed through its wall, and lodged in the silent 
area where it now rests. The course of the needle after it entered the 
venous blood stream must have been through the left cephalic vein, 
axillary vein, subclavian vein (up to this point all of the veins possess 
valves), innominate vein, superior vena cava, and, finally, the right 
side of the heart. 

There are three pathways by which foreign bodies may enter the 
heart. The first, and most common, is directly through the chest wall, 
as in the case of gunshot wounds or the thrust of a sharp instrument. 
Examples of these abound in the literature.^'^ 

The second pathway is through tissue from a distant part of the 
liody; the foreign body is forced by muscular contraction along a more 
or less circuitous route, possibly by following paths of least resistance, 
until by chance it eventually reaches the thorax and the heart. It is 
probable that only a sharp instrument, such as a nail or needle, can 
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perform this feat. A striking example of this was reported by Rea and 
Hoover;® a needle entered the foot of a patient when he accidentally 
stepped upon it, and four years later he died as the result of thoracic 
disease induced by the passage of the needle through the pleura and 
pericardium. At autopsy the needle was found lodged in the heart. 

The third pathway is illustrated by the case reported in this paper. 
Another remarkable instance of the same route was reported by Blaha.® 
In his ease a soft rubber catheter was introduced into a gravid uterus 
to induce an abortion, and, when the uterus expelled its contents, the 
catheter was not among them. The patient became infected and died. 
At autopsy the catheter, 24 cm. long and 4 mm. in diameter, was found 
lying in a channel formed by the inferior vena cava, the right auricle, 
the superior vena cava, the left innominate vein, and the internal jugu- 
lar vein. This case and the one described in this paper illustrate how 
relatively large bodies may gain entrance into the venous blood stream 
and he carried to the heart. 

The importance of investigating the flexibility and sturdiness of each 
needle before use, especially for intravenous injections, is emphasized 
by the present report. It should be realized that the needle consists 
of two parts, namely, a flexible cannula and a rigid hub, and that the 
junction of these two parts is the weak spot in the construction of every 
needle. It is consequently important (when administering any injec- 
tion) not to introduce the needle more than three-fourths of its length, 
so that, if it should accidentally become separated from the hub, it 
might still be possible to grasp its free end before it becomes completely 
submerged in the tissues. 


SUMMARY 

1. A case is reported in which a hollow needle entered the venous 
blood stream, was carried to the heart, penetrated its wall, and came 
eventually to lie in the prepericardial fat between the heart and the 
diaphragm, without producing any untoward symptoms. 

2. The pathways by which foreign bodies may enter the heart are 
described. 

3. The hazard described in this paper, although a rare one, warrants 
the recommendation that the flexibility and sturdiness of needles be 
carefully tested before they are put to intravenous use. 

The author is grateful to Dr. A. S. Hartstein and Dr. B. Kurz, of New York 
City, for permitting him to examine their records of this case. 
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Eyster, J. A. E., and Meek, W. J.: The Sequence of Fractionate Contraction at 
Different Surface Regions on the Eight Auricle and Ventricles of the Dog’s 
Heart. Am. J. Physiol. 134: 513, 1941. 

The sequence of occurrence of fractionate contraction at the different surface 
regions of the right auricle and ventricles of the dog’s heart is determined hy 
recording differential potential-time curves from the various regions along with 
a constant reference curve. The results are indicated in the accompanjung figure. 

The fact that no criterion is available at present which can be used to de- 
termine the instant of “excitation” of a region of heart muscle, is brought out 
and discussed. 

Authors, 


Frey, J.: Experimental Observations on the Effects of Hydrostatic Forces on the 

Circulation. Arch. f. Kreislaufforsch. 7: 329, 1940. 

This is an e.xtensive investigation on the effect of posture upon the circulation 
in animals, healthy subjects and cardiac patients with and without congestive 
heart failure. Among the principal conclusions are the following. 

In animals the assumption of a seniisupine position from a supine one causes a 
temporary 30 per cent decrease in venous flow of the hindleg and a more pro- 
tracted 10 per cent increase in arterial flow, a 2 per cent increase in flow in in- 
te.stinal vessels, a 5 per cent decrease in flow in tlie forelimb vessels, no effect 
on flow in brain vessels, a 10 per cent decrease in cardiac output, a 10 per cent 
rise in mean blood pressure and heart rate. Following histamine the results are 
different in these animals, viz.; The same change in position causes a 60 per 
cent decrease in venous flow of the hindleg and a 25 per cent decrease in arterial 
flow, a 20 per cent decrease in flow in intestinal vessels, a 15 per cent de- 
crease in flow through brain vessels, a 35 per cent decrease in flow through fore- 
limb vessels, a 50 per cent decrease in minute output of heart, a 30 per cent 
decrease in mean blood pressure, and a 30 per cent increase in pulse rate. Ex- 
tensive studies on man are to be found in the monograph. The author concludes 
that the use of the semireclining posture with legs dependent acts as a bloodless 
venesection, and this improves the circulation of the failing heart. 

Katz. 


Graybiel, A.: A Consideration of the Effects of Oxygen Lack on the Cardiovascu- 
lar System From the Viewpoint of Aviation. J. Aviation Med. 12: 183, 1941. 

• intentionally encountered under present flj-ing conditions 

"ot damage the normal heart. The changes 
)ser\ oc in lo e ectrocardiogram do not indicate heart injuryj they are probably 
due in part to the alkalosis resulting from overventilation. ^ ^ 
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Heart failure of the congestive or anginal t 5 T)e has been produced in pa- 
tients with severe degrees of heart disease on exposure to oxygen tensions simu- 
lating altitudes of 14,000 to 20,000 feet or higher. 

In a total of 7 million passengers carried by five major airlines only three 
deaths occurred aloft; the cause in each case was ascribed to heart failure. Of 
five deaths known to have occurred shortly after the passengers deplaned, two 
were the result of heart failure. Information in regard to lesser attacks of heart 
failure is inadequate, but there is good reason for believing such instances are not 
numerous. 

The general rule that “if you can walk, jmu may fly” has proved satisfac- 
tory in practice. Passengers with well-compensated heart disease need not hesi- 
tate to fly at the highest altitudes now flown in commercial aviation provided that 
an additional supply of oxygen is used. However, patients with severe valvular 
disease, with easily provoked angina pectoris, or who have recently had con- 
gestive failure, as well as those who are old and feeble, might well be advised 
against traveling by air. 

Author. 

Gross, F., and Matthes, K.: Venous Pressure in Man. Arch. f. Ereislaufforsch. 

8: 175, 1941. 

Venous pressure was recorded optically. The venous pulse of the cubital vein 
followed the arterial except for notching at the time the jugular pulse collapsed. 
This may be due to direct impact or to open arteriovenous anastomoses. Ee- 
spiratory fluctuations also were present due to variations in venous flow to the 
heart. Marked variations in venous pressure as in Valsalva experiments were 
associated with variations in blood content of the skin (as measured with trans- 
illumination recorder and photoelectric cell). 

Katz. 

Dressier, M., and Moskowitz, S. N.: Fetal Electrocardiography and Stethography. 

Am. J. Obst. & Gynec. 41: 775, 1941. 

Forty gravidas were studied routinely in the last two months of pregnancy, 
to determine the diagnostic significance of the fetal electrocardiogram and the 
fetal stethogram, separately and simultaneously, in evaluating the presence of a 
viable fetus. The individual value of each method was enhanced by the combined 
study. 

The fetal stethogram was positive in 100 per cent of the cases; the fetal 
electrocardiogram, in 80 per cent. 

The stethogram is helpful in studying the rate, rhythm, and regularity of 
fetal heart sounds, the systolic and diastolic phases, murmurs, the uterine soufile, 
and fetal movements. The intensity of the fetal heart sounds depends upon the 
site at which the microphone is applied and upon maternal and fetal conditions. 
In most cases the second sound is louder than the first. As a rule, diastole is 
longer than systole, but in the presence of fetal tachycardia they may become 
equal. 

The electrocardiogram is valuable in the presence of positive tracings. The 
absolute diagnosis of fetal presentation is made by the fetal electrocardiogram. 
If the waves are negative, a vertex presentation is present; if positive, a breech 
presentation is present. In the presence of an equal systolic and diastolic phase, 
the first sound is recognized by its relationship to the R-wave of the fetal electro- 
cardiogram. 


Authors. 



SELECTED ABSTRACTS 


841 


Bayer, 0., and Wasmuht, K.: The Duration of the Q-T Interval in Absolute Ar- 
rhythmia. Arch. f. Kreislaufforscli. 7: 309, 1940. 

The duration of electrical .sj'stole was measured in fifty-eight cases of myo- • 
cardial disease with grossly irregular rhj’-thm. In onl 3 ’^ nine instances was the 
duration of sj^stole outside the expected range, and in onlj^ four of these was there 
no explanation for the lengthening. This study confirmed the constancy of the 
relationship of electrical systole to heart rate. This relationship is unchanged 
when the irregular heart action changes to a regular sinus rhythm. The most im- 
portant factor determining electrical systole is thus the heart cycle duiation. 

Katz. 

Dungem, M.: Alterations in Duration of Isometric Contraction, Ejection Time, 
Systole and Q-T Interval. Arch. f. Kreislaufforsch. 8; 52, 1941. 

After moderate exercise, the relative durations of electrical (Q"T) and 
mechanical (first to second sound) are shortened. (The use of the maximum 
amplitude of the first heart sound as the time at which ejection begins which 
the author employs is not alwaj’^s an accurate criterion. L. K. K.) 

After injection of Ca intravenously in therapeutic amounts, a slowing of rate 
and relative shortening of mechanical sj^stole which is not so marked as the 
shortening of electrical systole occur. 

Katz. 

Wendt, L.: S-T Depression as a Sign of Anaerobic Cardiac Metabolism. Arch, 
f. Kreislaufforsch. 8: 74, 1941. 

Anoxemia and insulin can cause an S-T depression. Stimulation of the vagus 
also causes an S-T depression. S-T depression is considered to indicate a de- 
crease in the potential energj’- of the heart with a decrease in oxidative and an 
increase in the anaerobic metabolism. (This is a lengthy, polemical discussion.) 

Katz. 

Albers, D., and Bedbur, W.; Physiological Variations in the Duration of the 
Ventricular Electrocardiogram. Arch. f. Kreislaufforsch. 8; 150, 1941. 

Tiiis is an analysis of the literature, and 2,000 electrocardiograms of the author’s 
were used in the study. The author considers that Q-T duration equals, on the 
average, 3.75 V cycle length. QE-S = 0.92 V cycle length. S-T (from end of 
QRS to end of T) = 2.83 V cycle length. S-T lengthens with age, the factor being 
0.004 (age — 45). 

Katz. 

Stroud, W. D., and Wagner, J. A..- Silent or Atypical Coronary Occlusion. Ann. 
Int. Med. 15: 25, 1941. 

Ihe explanation of painless infarction is difficult. Possibly the symptoms 
which patients experience, such as swallowing, choking, gagging or dyspnea, may be 
pain equivalents. Possibly the nerve supply about the coronary vessels is dif- 
erent; or are they members of the hj’posensitive group described by Libman? 

rom a therapeutic standpoint, it seems to be extremely important to be cog- 
nizant of the possibility of coronary occlusion and myocardial infarction in the 
n senco of pain. Vagus symptoms of weakness, etc., in patients with hyper- 
ension or the onset of increased dyspnea, together with progressive failure in 
pa lents with previous mild failure, should make one alert to this serious con- 
1 ion. Putting the patient to bed and cheeking with serial electrocardiograms 
seem highly desirable. 
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The corollary may be equall}' true. Any patients with the typical pain of 
coronary' insufficiency' but no other suggestive clinical findings, even in the ab- 
sence of changing T-w'aves in the electrocardiograms, must be considered as pos- 
sible cases of coronary' occlusion wfithout my'ocardial infarction and treated ac- 
cordingly'. This means total bed rest for a week or ten day's as a myocardial in- 
farction might be developing. In these instances, clinical judgment is of much 
more importance than the electrocardiograms. 

Authors. 


Laufer, S. T.: Subacute Myocardial Infarction or Necrosis. Canad. M. A. J. 45: 

236, 1941. 

Myocardial necrosis -without typical sy'mptoms or an acute onset, which can 
be detected by' delay'cd electrocardiographic changes of coronary' occlusion type, 
is described as a clinical entity' under the title of subacute myocardial infarction 
or necrosis. 

The mechanism of its production and the clinical sy'mptoms and signs, justify- 
ing it as an entity', are discussed. The sy'mptoms are so aty'pical that the patient 
often continues his regular activities, to his own detriment. 

The delay'ed appearance of electrocardiographic changes are in accord -with the 
clinical picture and may' be discovered only accidentally' some time later. 

The importance of a careful history' in aiding the detection of cases of sub- 
acute my'Ocardial infarction or necrosis is strongly' stressed. 

A raised leucocy'te count may' be the only' positive sign-in the cases outlined. 

Author. 

Klemperer, P., Pollack, A. D., and Baehr, G.: Pathology of Disseminated Lupus 

Erythematosus. Arch. Path. 32 : 569, 1941. 

Disseminated lupus ery'thematosus is founded morphologically on a well-defined 
series of alterations of the collagenous tissues. The characteristic organic changes, 
previously' considered as heterogeneous, can now be understood as local man- 
ifestations of the -n'idespread damage of collagen. Various concepts of lupus 
erythematosus as a disease with predominant localization in a single organ or as a 
diffuse disease of the peripheral circulation can be entertained no longer. 

Authors. 

Gorenberg, H., and McCleary, J.: Rheumatic Heart Disease in Pregnancy. Am. 

J. Obst. & Gynec. 41: 45, 1941. 

Three hundred forty'-five cases of pregnancy' complicated by' rheumatic heart 
disease are reported. 

Seventy-seven cardiac failures occurred in this group, an incidence of 22.3 per 
cent. It is possible to foretell fairly' accurately' which patient -with heart disease 
will fail unless adequate bed rest is enforced. Several prognostic aids are offered. 

The functional capacity' of the heart in the nonpregnant state is of great 
importance, 83 per cent of the failures occurring in the badly incapacitated 
groups, 2B and 3, while only' 17 per cent of the failures -u'ere in the comparatively' 
well-functioning Classes 1 and 2A. 

An equally important aid is the patient’s age; 42.6 per cent of the pregnancies 
in -u'onien over 30 years of age were complicated by' cardiac failure as compared 
to 16.1 per cent in the group under 30. 

A third significant aid in prognosis is the presence or absence of a history' of 
previous failure. Of those that decompensated before, 75 per cent had cardiac 
failure -when pregnant as compared to a 14.1 per cent incidence of cardiac fail- 
ure in the previously compensated group. 
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The authors feel, therefore, that the patient -whose measure of functional 
capacity places her in the relatively severe grades of heart disease, the cardiac 
patient who is more than 30 years of age, the cardiac patient who gives a history 
of previous decompensation, should be willing, if she wishes to assume the burden 
of pregnancy, to submit to frequent antenatal observations from the very begin- 
ning of her pregnancy and she must be willing and able to spend the greater part 
of the pregnancy at absolute bed rest if necessarjn The number of pregnancies 
l)orne by women with rheumatic heart disease, in itself, is apparently of no 
consequence. The multigravid, liowever, will more commonly fall into one or 
more of the three groups mentioned above. 

The incidence of cardiac failure in pregnancy can be reduced markedly if 
tlie general principle of early and absolute bed rest is followed. The authors had 
two failures in their last 103 cases, and one of those was possibly preventable. 

Eighty per cent of the seventy-seven cardiac failures that were seen at this 
hospital occurred before the last month of gestation. Acute failure during labor 
is a raritjn Clinical experience follows v«ry closel 3 ^ the physiologic changes which 
indicate that pregnancy exerts a steadily increasing circulatory burden, beginning 
when the pregnancy begins and reaching a maximum during the eighth month. A 
lightening of this circulatory load occurs during the period four to six weeks preced- 
ing delivery with a consequent clinical improvement. Therefore, it is unwise to 
resort to late pregnancy terminations and follow the general rule of allowing the 
gestation to go to term. 

Each pregnancy presents an individual problem in the management of labor. 
In this series, 8.4 per cent of the patients were delivered by the abdominal route 
and 91.5 per cent were delivered vaginalljn Since the incidence of morbidity, as 
expressed bj' fever with its concomitant elevation in pulse rate, and the mortality 
rate are significantly higher following cesarean section, and since cardiac decom- 
pensation is a rare accident during labor, the ‘ ‘ burden of proof ’ ’ lies with cesarean 
section. This consideration applies only to section for the cardiac condition per se. 
Patients who have had the benefit of treatment and go into labor well compensated 
may in general be handled on the basis of obstetric indication, essentially as though 
not suffering from heart disease. 

A-dthoes. 

Hannesson, H.; Tuberculosis of the Pericardium and Heart, Tubercle 22: 79. 

1941. 

Involvement of the pericardium bj' a contiguous or neighboring tuberculosis 
IS not so rare as is generally supposed. Tuberculosis limited to the pericardium 
is rare. Invasion of the pericardium from tuberculosis of the pleura, mediastinum, 
or thoracic vertebrae is observed from time to time. In miliary tuberculosis 
tubercles may be demonstrated in the mjmeardium at autopsy although their 
presence cannot be detected clinicallj’-. 

Tuberculosis of the pericardium is usually a fatal disease, but, in the event that 
the tuberculous process in the pericardium and elsewhere in the body subsides, 
the mechanical effects on the heart are a result of pericardial healing. The in- 
flammatory process heals with resulting cohesion of the visceral and parietal 
layers of the pericardium, so that partial or complete obliteration of the sac oc- 
eans This condition imposes extra work on the heart and results in cardiac hj'per- 
rophj- and in some cases in ultimate heart failure. 

If the pericarditis is extensive and particularly if there is an associated 
meumstmitjs, the resulting fibrosis may greatly hamper the right auricle and the 
great veins, particularly the inferior vena cava, so that the return of blood to the 
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heart is partially obstructed. This results in congestion of the liver, ■which becomes 
chronic and causes recurrent ascites. This condition is called chronic mediastino- 
pericarditic pseudocirrhosis of the liver or Pick’s disease. 

Post-mortem statistics indicate that probably no serious disease is so frequently 
overlooked as one that affects the pericardium. Tuberculosis of the pericardium is 
not a rare condition. The terms anatomically primary and clinically primary tu- 
berculous pericarditis are unsatisfactorJ^ The occurrence of anatomically primary 
tuberculous pericarditis is questioned. The pericarditis is probably al'ways secondary 
to some other tuberculous lesion. Most instances of tuberculosis of the pericardium 
are due to a retrograde extension of the infection through the lymphatic chaimels 
from a mediastinal focus. In place of the term clinically primary tuberculous peri- 
carditis, it is suggested that cases of tuberculous pericarditis be divided into (1) 
those in ■which the pericarditis ■was the most important factor in the production of 
the clinical picture and (2) those which occur during the course of a disseminated 
tuberculosis. 

Tuberculosis of the pericardium occurs most often in males over 40 years of 
age. The colored race appears to be more susceptible to the disease than the white 
race. The proof of the tuberculous nature of a pericardial effusion may be ex- 
tremely difficult to obtain. Inoculation of a guinea pig is often necessary. The 
prognosis of tuberculous pericarditis is bad. The mortality in two series reported 
in the literature is given as 83 per cent in both instances. Present methods of 
treatment of tuberculous pericarditis are unsatisfactory. In the healed state tuber- 
culous pericarditis presents the histologic picture of a nonspecific fibrous pericarditis. 
Pick’s disease has often been found to follow tuberculous pericarditis. Polyserositis 
is probably tuberculous in origin and is a condition associated with a high degree 
of immunity to the infection. Tuberculosis of the myocardium, endocardium, and 
blood vessels is rare. It is difficult to determine any exact relationship between pul- 
monary tuberculosis and diseases of the heart. 

A^dthob. 

Koons, B. A., and Kissane, B. W.: The Incidence of Heart Disease in Children 

With Congenital Syphilis. Urol. & Cutan. Rev. 44: 673, 1940. 

The relative incidence of heart disease in congenitally syphilitic children closely 
approximates the incidence of congenital syphilis in known cardiac cliildren. 

The incidence of heart disease in congenitally sjq)hilitic children is too small to 
permit consideration of sj*philis as an etiological factor in the production of con- 
genital heart disease. 

The association of rheumatic heart disease and congenital heart disease is 
incidental. 

Congenital syphilis can practically be disregarded as the etiological factor in any 
type of heart disease in children. 

Authors. 

Friedman, M., Sugarman, H., and Selzer, A.: The Eelationship of Benal Blood 

Pressure and Blood Flow to the Production of Experimental Hypertension. 

Am. J. Physiol. 134: 493, 1941. 

The renal hemodynamics and systemic blood pressure were studied following aortic 
constriction above and between the renal artery aortic orfices. 

It was found that renal ischemia is not necessary for the initiation or maintenance 
of a chronic (renal) experimental hypertension. 


Authors. 
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Leary, T.: The Genesis of Atherosclerosis. Arch. Path. 32: 507, 1941. 

From the evidence accumulated and presented, the author points out that 
atherosclerosis in man and in the experimental rabbit is due to the presence of 
excess cholesterol esters within phagocytic cells, which first appear in the intima 
of the arterial wall. The cholesterol is esterified in the liver as directly observed 
in the experimental rabbit. The cholesterol when fed in excess to rabbits is deposited 
in the form of esters in the cells of the liver and adrenals. The esters as they 
accumulate in excess become a burden and are removed from these organs by 
Kupffer cells in the liver and their analogues in the adrenals. The cholesterol 
esters are engulfed as particulate matter by these cells. These cells, now lipoid cells, 
escape from the liver and adrenals through the blood and lymph systems and may 
produce obstruction in the lymph sinuses. The lipoid cells, having entered the blood 
stream, pass through the lung filter and selectivelj’’ invade the arterial intima. This 
invasion is favored by stresses but is apparently dependent on a positive chemotaxis 
of the arterial wall for cells carrying cholesterol esters. The latent period after 
the beginning of cholesterol feeding in the rabbit and before aortic lesions appear 
is dependent on the production of esters in excess and their transport, as indicated 
in paragraphs 2 and 7 inclusive. The lipoid cells possess the power to split cholesterol 
esters and bring the substance into solution in an excess of fatty acids. The excess 
cholesterol esters are akin to silica in their irritant character. Both are difficult of 
metabolism, tend to stay long in tissues and stimulate a growth of connective tissue. 
The intravenous silica and cholesterol esters, practically alone among particulate 
matters, tend to cause in rabbits cirrhosis of the liver, enlargement of the spleen 
and changes in the kidneys resembling those of chronic “interstitial” nephritis. 
The human atheroclerosis is associated with intermittent accretions of excess 
cliolesterol esters in contrast to the continuous accretions in the rabbit fed cholesterol. 
That the differences in the appearance of atherosclerotic lesions in the two species 
are due in great part to differences in the manner of feeding. Diffuse lipoidosis 
is more common in the experimental rabbit, partlj" for the same reason. 

The accepted criteria for the establishment of a causal relation between a given 
agent and a disease are embodied in Koch’s laws. Since animals are not susceptible 
to all human infections, or because evident parasites cannot be cultivated, or for 
other reasons, various compromises have been made with these postulates. However, 
the evidence of a casual relation is most complete when Koch’s laws can be satisfied. 

In the causation of atheroclerosis the principles of Koch’s laws can be fulfilled. 
Excess cholesterol is always present in the active stages of human atherosclerosis. 
It can be identified in the lesions as definitely as can the bacterial or other parasitic 
agents producing infections. It can be extracted from the lesions. Human arterial 
lesions can be reproduced experimentally by its use witli more exactness than the 
lesions of many human infections can be reproduced by the introduction into 
susceptible animals of their recognized causal agents. It can be identified in and 
extracted from the experimental lesions. 

Stresses determine the localization of lesions and influence the degree of the 
sclerotic processes. The efficiency of cholesterol metabolism is modified by sex and 
thyroid factors. Age (time plus thyroid deterioration) and heredity are also con- 
tributing elements. 

• Author. 

Schleicher, I.: The Story of the Coronary Arteries. Anatomy, Pathology 

Physiology, and Functional Pathology. Arch. f. Kreislaufforsch. 8: 17, 1941 

This is an historical review of the coronary arteries which assembles the earlier 
literature on this subject adequately but neglects to some extent recent American 
work on the subject. 


Katz. 
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Feil, H., and Beck, C. S.: Coronary Sclerosis and Angina Pectoris. J. Thoracic 

Surg. 10: 529, 1941. 

The authors present a follow-up report on patients who had vascularized grafts 
placed upon the heart for the purpose of producing a collateral blood suppty to 
the heart. Of the thirti' patients operated upon, thirteen (65 per cent of those 
surviving) were definitely improved. Their clinical si'mptoms were either com- 
pletely or almost entirely relieved, so that they could resume their previous 
occupations. Pour patients (20 per cent of those surviving) were moderately 
improved, while in three instances (15 per cent of those surviving), there was in- 
consequential improvement. An anatomic stud 5 ’^ of three specimens was made. 
In one of these, the clinical result had been good and the specimen showed vascular 
anastomoses. In this group of twenty surviving patients, the high percentage of 
patients showing great improvement is not only significant but encouraging. This 
statement may be emphasized because all of these patients were seriously disabled 
before the operation. 

Authors. 

Reid, L. C.: Anesthesia in Relation to Cardiac Disease. Anesthesiology 2: 161, 

1941. 

All anesthetic agents and most alkaloids inhibit the enzjunes, dehydrogenases, 
which form such an important link in the chain of events which gives rise to the 
production of energy by the cell. This accounts, in part at least, for the hjqier- 
glycemia during anesthesia as well as decreased carbon dioxide build-up and various 
degrees of failure of cellular function. 

A high vitamin B content in the diet is necessary to assure an adequate supply 
of respiratory carriers such as flavoprotein, and nicotinic acid amide, as well as 
thiamin. Accordingly, the diet, preoperatively, becomes of the gi’eatest importance 
to the anesthetist. 

Irritation of the respiratory tract or esophagus may set up vagovagal reflexes with 
resulting derangement of cardiac and respiratory activity, and all such contemplated 
procedures, as the introduction of tubes, catheters, etc., should be covered by adequate 
preoperative therapy to minimize or actually prevent the undesirable reactions 
potentially present in autonomic reflexes. 

Every operative case during the menopause which shows any cardiac sjonptoms 
or signs, or electrocardiographic findings suggestive of cardiac lesions, should have 
the benefit of an adequate course of estrin substitution therapy. 

Author. 

Lindner, E., and Katz, L. N.: Further Observations on the Action of Drugs on the 

Caliber of Coronary Vessels. J. Pharmacol. & Exper. Therap. 72: 306, 1941. 

The digitalis derivatives, K-strophanthin, ouabain and digifoline at times have 
a direct coronary constrictor action even ih therapeutic doses. 

Metrazol and glucose are mild, direct coronary dilators. 

Calcium gluconate, in contrast with the chloride salt which is a powerful dilator 
of the coronary vessels, does not cause any constant or striking change in coronary 
caliber except that a mild dilatation occurs with large doses. 

Aminophyllin and caffein sodium benzoate are, consistently direct coronarj' dilators, 
the aminophyllin being the more powerful. 
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Papaverine hydrochloride is a powerful long-lasting direct coronary dilating 
agent. This and its tendency to prevent ventricular fibrillation probably explain its 
clinical benefits. 

Authors. 

Riseman, J. B. F., and Linenthal, H.: The Prolonged Use of Enteric-Coated 
Tablets of Theobromine Sodium Acetate in the Treatment of Edema and Angina 
Pectoris. New England J. Med. 224: 933, 1941. 

Enteric-coated tablets of theobromine sodium acetate and theophylline sodium 
acetate are now available, which make it possible to give therapeutically adequate 
doses of these drugs over long periods. By this means, the necessity of intravenous 
administration of diuretics may be obviated or decreased in certain patients with 
heart disease or nephritis, and the frequency and severity of attacks of angina 
pectoris may be diminished. When the drugs have been given continuously for a long 
time, no untoward effects have been observed except for occasional slight gastric 
discomfort. The optimum dosage for most patients appears to be 0.5 Gm. of enteric- 
coated theobromine sodium acetate, or 0.2 Gm. of enteric-coated theophylline sodium 
acetate, given four times daily, before meals and before retiring. Adequate dosage 
is necessary; in angina pectoris it is especially important to administer a dose of the 
medication before retiring. 

Authors. 

Wedd, A. M., Blair, H. A., and Dwyer, G. K.; The Effect of Digoxin on the 
Cold Blooded Heart and Its Bearing on the Mechanism of Digitalis Action, J. 
Pharmacol. & Exper. Therap. 72: 394, 1941. 

The effect of digoxin has been studied on spontaneously beating strips of auricle 
from the frog, liana pipiens, and the turtle, Psendomps elegans, and rhythmically 
driven strips of ventricle from the turtle. The spontaneous rhythm was usually slowed 
markedly by the drug. Measurements were made on the driven strips of the Q-T 
interval, the conduction time, the maximal tension, the duration of systole, the 
olfect of a single short diastole on the ensuing Q-T, the effect of different rates on 
Q-T, the relation of Q-T to the duration of systole and variations of the threshold 
to electric stimuli. Mechanical systole is proportional to electrical systole, and both 
are invariably shortened by the drug. The shortening is less at higher rates of 
beating because the Q-T of a given tissue cannot be shortened beyond a certain 
limit, either by single early beats or rapid driving, and this limit is the same with 
or without the drug. Since the refractory period which is equal to Q-T is shortened 
by the drug and the threshold does not regularly change markedly, the slowing action 
of the drug is ascribed to the slowing of the development of excitation at the pace- 
maker region. Slowing of conduction usually occurred but later than Q-T changes. 
Tension increases were irregular and, when seen, occurred early. The amplitude of 
contraction may be independent of the duration of systole and the diastolic interval. 
The possible significance of the shortening of sy.stole for the therapeutic action of 
digitalis was discussed briefly. It seems reasonable to suppose that the final action 
of digitalis is related to the lengthened diastole which it produces. There is reduc- 
tion in the maintenance energy requirement, and longer time for recovery from con- 
traction is given. 


Authors. 
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Cattell, M., and Gold, H.: Studies on Purified Digitalis Glucosides, III. The Eela- 

tionship Between Therapeutic and Toxic Potency. J. Pharmacol. & Exper. 

Therap. 71: 114, 1941. 

The relative potency with regard to both therapeutic and toxic effects on isolated 
papillary muscles from the cat have been determined for the following glucosides: 
ouabain (Merck), digitoxin (Merck), digitaline (Laboratoire Nativelle), lanatoside 
A (Sandoz), lanatoside B (Sandoz) and lanatoside C (Cedilanid, Sandoz). 

The minimum concentration of ouabain and digitoxin, i.e., that causing increased 
force of contraction in 50 per cent of experiments (therapeutic effect) is 1 part in 
100 millions of Locke’s solution; for the lanatoside compounds it is approximately 
1 part in 10 millions. 

MHien the concentration of any of the glucosides is sufSciently increased, toxic 
effects are produced, including extra contractions, loss of excitability, and diminished 
force of contraction. 

The ratio of the concentrations producing therapeutic and toxic effects is the 
same for ‘ ‘ digitaline nativelle ’ ’ and ouabain. There is also similarity among the 
several lanatoside glucosides studied, and thus by this technique we have not been 
able to confirm the wide margin between the therapeutic and toxic dose reported 
by Moe and Visscher for lanatoside C. 

Ouabain and “digitaline nativelle” both give a slightly higher value for the 
ratio of toxic to therapeutic concentration in comparison wuth the lanatoside com- 
pounds. The evaluation of the significance of this finding must await further evi- 
dence. 

The available evidence pertaining to the questions of differences in the relation- 
ship between toxic and therapeutic doses among different glucosides is discussed, 
and the conclusion is reached that proof of the existence of such differences is still 
wanting. 

Authors. 

Boyd, L. J., and Scherf, D.: The Electrocardiogram in Acute Emetine Intoxica- 
tion. J. Pharmacol. & Exper. Therap. 71: 362, 1941. 

The alterations of the electrocardiogram after the intravenous administration 
of emetine hydrochloride were studied in dogs and cats. 

Disturbance of intraventricular conduction is the most common change observed 
under these circumstances. Brad 3 mardia and prolongation of atrioventricular con- 
duction time develop regularly, but thej’’ are not pronounced. 

If the intravenous dose does not exceed 37 mg. in dogs weighing 5 to 9 kg., 
the electrocardiographic alterations gradually disappear within forty-five minutes. 
Cardiac dilatation, especialty involving the right ventricle, the development of 
which is simultaneous with the vmntriculaT conduction, disturbances, also vanishes 
within the same period. 

The action of emetine is cumulative since much more pronounced effects re- 
sult from the second or third injection of an equal amount of the drug although 
the normal electrocardiogram had been restored. 

The most common arrhythmias to develop are auricular extrasj’stoles and auricular 
tachj’cardias. Alternation of the ventricular complexes is frequentty observed during 
the tachycardia. Advanced stages of intoxication are required for the production of 
ventricular extrasystoles. Heart block with dropped beats was encountered only in 
cats. 


Authors. 
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Hildeljrandt, F.: The Action of Strophanthin on the Blood Vessels. Arch. f. 

Kreislaufforsch. 8: 137, 1941. 

This is a summary of recent literature including studies published* by the 
author. The decrease in cardiac minute output is due to constriction of the blood 
vessels in the skeletal muscles and gut and of the veins leaving the liver. The 
constriction of the renal vessels is less marked and fleeting. The cerebral vessels 
dilate. The coronary vessels constrict if the heart is not damaged but dilate when 
it is damaged and this dilatation parallels the work of the heart. 


Katz. 
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Walter W. Haimburger 
1881-1941 

Walter Wile Hamburger was born in Chicago on September 10, 1881, 
the son of Max and Annette (Wile) Hamburger. He received his B.S. 
degree at the University of Chicago in 1903, his M.S. in 1904, and his 
M.D. degree at Kush Medical College in 1906. He served his internship 
at the Presbyterian Hospital, in Chicago, from 1907 to 1908. The follow- 
ing fourteen months (1908-1909) Dr. Hamburger did postgraduate 
study in pathologj'- and internal medicine in Berlin, Munich, and Vienna, 
including the clinic of Friedrich Kraus at the Charity Hospital, Berlin, 
and the clinic of Friedrich Mueller, in Munich. He was assistant to the 
late Dr. Frank Billings for three years, and then began the private prac- 
tice of medicine, specializing in internal medicine. 

Dr. Hamburger was Assistant Clinical Professor in Medicine at Rush 
Medical College from 1914 to 1934, and was Clinical Professor of 
Lledicine at the University of Chicago from 1934 to the time of his death. 
He was a member of the Staff of Cook County Hospital from 1913 to 
1926. He was Attending Physician at Michael Reese Hospital from 
1912 to 1925, and then became Senior Attending Physician. He was 
Chief of Staff of Michael Reese Hospital during the years 1928 and 
1929. He was a Major in the Medical Corps, United States^ Army, from 
1917 to 1919, and was Chief of the Medical Service of the Base Hospital 
at Camp Zachary Taylor, Louisville, Kentucl^J^ 

Dr. Hamburger, in 1915, became a Charter Member of the Institute of 
j\Iedicine of Chicago and served on its Executive Committee and Board 
of Governors until the time of his death. He was a member of the 
American Society for Clinical Investigation, the Society for Experi- 
mental Biology and Medicine, the Central Society for Clinical Research, 
and the American Board of Internal Medicine. He was a member of the 
Board of Public Health Advisofs of the Illinois State Department of 
Public Health, and was an emeritus member of the Association of 
American Physicians and of the Chicago Society of Internal Medicine. 
He belonged to the American Medical Association, the Chicago Medical 
Society, and the Illinois State Medical Society, and was on the Advisory 
Board of Psychosomatic Medicine. He was a member of Sigma Xi, 
Phi Beta Kappa, and Alpha Omega Alpha. 
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Dr Hamburger married Edna Levis, of St. Louis, Missouri, December 
27, 1911, and is survived by her and their Dvo children, Mrs. Elizabeth 
H.’ Hies ’and Dr. W. W. Hamburger, Jr. 



■Wat/ter "W. Hamburger 


Dr. Hamburger played a leading role in determining the policies of 
the Michael Reese Hospital; his ivas the primary responsibility for the 
conception, establishment, and growth of its Cardiovascular Department, 
and he gave this project constant and unqualified support, though quietly 
keeping in the background. He ivas associated with many other cardiac 
activities in his community. He was formerly Vice-President and later a 
member of the Board of Governors and the Executive Committee of the 
Chicago Heart Association. He was a member of the Medical Admsory 
Board of tlie Sunset Camp for Convalescent Cardiac Children. 

His interest in heart disease was evident in his publications. He con- 
tributed over 100 articles on internal medicine to medical journals, ivith 
particular reference to the heart and circulation. He was the author of 
a chapter on “Cardiac Arrhythmias” in Cecil’s TexthooTc of Medicine, 
and of the cliaxiter on “ Gastro-Intestinal Manifestations of Cardio- 
vascular Disease” in Portis’ Diseases of the Digestive System. Dr. 
Hamburger was a member of the American Heart Association, in which 
he held the office of Treasurer, and was a member of the Executive Com- 
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mittee for many years; until 1938, lie served on the Advisory Editorial 
Board of the Aaierican Heart Journal. 

The sudden and unexpected death of Dr. Walter W. Hamburger came 
as a shock. It deprived the medical profession of an outstanding practi- 
tioner who was devoted to his patients, a courageous supporter of 
advances in medicine and public health, a scholar who placed on record 
many contributions which are notable for their modesty and scientific 
spirit. His absence will be noticed particularly in the field of cardiology, 
to the advancement of which he contributed greatly and in many ways. 

The loss of Dr. Hamburger seems irreparable, but those of us who were 
his friends console ourselves that the spirit of this gentle, lovable, and 
scholarly man will live on. 

Louis N. Katz. 


Karel Frederik Wencicebach 
1864-1940 

A short time ago news arrived from Vienna, rather belatedly, that 
Karel Frederik Wenckebach had died last winter at the age of 76. A 
great physician, a distinguished scientist, a stimulating teacher, a cul- 
tured scholar had passed away. 

The imperishable memorial built upon the scientific studies of Wencke- 
bach constitutes an eloquent testimonial of the lasting imprint which he 
stamped upon medicine. Since his scientific achievements are known to 
every reader of this journal, an attempt to evaluate the significance of his 
contributions to cardiology would be superfluous. It seems more fitting 
in these lines, devoted to a commemoration of Wenckebach, to describe 
briefly some features of his development and to delineate some traits of 
his personality. 

Born in The Hague, Wenckebach studied medicine at Utrecht, where 
he became engaged in the study of embrjmlogy and hematology. The 
discover}’" that he was color-blind necessitated a change in 'his life plan. 
He turned to physiology, and spent many hours in the laboratory of 
Engehnann, who, at .this time, was employing “the method of extra- 
systole” in studies of the fundamental properties of the heart. The 
opportunity to observe these frog experiments proved decisive in 
Wenckebach’s further development. 

Subsequently, economic circumstances compelled him to leave the Uni- 
versity and enter practice in a. small Dutch village. Wenckebach often 
referred to this period with great satisfaction, and emphasized the diver- 
sity of problems which a country practitioner encounters and the diffi- 
culties under which they must be solved. Among his daily duties was 
supervision of the medical care in a home for the aged. This was 
extremely fortunate, for many of the charges had disturbances of cardiac 
rhythm. One day, while auscultating a patient, Wenckebach found a 
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Strange arrhythmia which reminded him of the irregular movements of 
the lever he had seen so frequently in Engelmann’s laboratory. ‘Wencke- 
bach loved to relate how the patient had told others in the ward that 
“the doctor had fallen asleep on my chest,” for Wenckebach had 
listened for an unusually long time to that heart. An analysis of 
sphygmograms recorded on this and other patients permitted Wencke- 
bach to describe extrasystoles for the first time iu man (1898). His 
discovery of periodic dropped beats, often called Wenckebach's periods, 
followed soon thereafter. Their recognition by an analysis of spliygmo- 
grams is likewise a remarkable achievement when one recalls the crude 
apparatus then available. This Avork was followed by a study of pulsus 
alternans, and, in 1903, the first complete description of his research 
appeared in the form of a monograph. 



Kakel Frederik Wenckebach 

Two years earlier Wenckebach had given up his practice to accept a 
position at the University of Groningen, in Northern Holland, where 
he was entrusted with the direction of the medical division. 

During the succeeding years his scientific development was profoundly 
influenced by the friendship of Sir James Mackenzie and Sir Arthur 
Keith. For example, by means of venous pulse tracings, registered wdth 
the hlackenzie technique, he discovered the first eases of dropped beat 
when conduction time remained fixed (1906). The Keith influence is 
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reflected in his work during the next four years, which were devoted 
to important investigations of the interrelation between circulation and 
respiration and to his classical study of pericarditis with effusion and 
adhesive pericarditis. 

In 1911, 'Wenckebach was appointed Head of the Department of 
Medicine at the University of Strassburg, and, in 1914, he accepted the 
responsibility for the First Medical University Clinic in Vienna. He 
remained in this post until his voluntary retirement from official duties, 
at the age of 65, in 1929. 

In 1914 a completely refused edition of his famous book appeared. 
Actually, it was practically a new work, and more important than its 
predecessor. During the same year he published a report of the bene- 
ficial effect of quinine in certain arrhythmias which established the 
clinical basis for this and allied compounds in cardiac therapeutics. 
With characteristic honesty, Wenckebach aclcnowledged that he became 
aware of the effect of quinine on disturbances of stimulus formation 
when one of his patients made the suggestion after careful self-observa- 
tion. Although the second edition of his book contained many funda- 
mental observations on various important arrhythmias, there was only 
one electrocardiogram in it. This was the last important book dealing 
■with disturbances of cardiac rhythm based exclusively upon smoked- 
paper tracings. 

Fully aware of the importance of electrocardiography, Wenckebach 
decided to obtain the assistance of Winterberg in the preparation of a 
new edition of his book. Six j’-ears were occupied in its preparation, and 
the monumental volume. The Irregxilar Action of the Heart, was pub- 
lished in 1927, with Winterberg as coauthor. 

The case histories shovm. to him by his pupil Aalsmeer aroused 
Wenckebach’s interest in the circulatory disturbances encountered in 
beriberi. The resultant scientific expedition to the Dutch East Indies 
accomplished much, and the observations were published in a monograph. 
These observations constituted the foundation for the recognition of non- 
tropical beriberi as it is seen in the United States. 

It will be noted that his list of publications is not long, but each, 
represents a distinct contribution. He objected decidedly to the writing 
of superfluous scientific papers, which he regarded for the most part as 
“pseudoscientific secretion,’’ to employ his o^vn term. 

As Professor of Internal Medicine and Head of the First Medical 
Clinic, he brought this institution to its high position and did much to 
enhance its reputation as one of the outstanding European medical 
centers. He was a master of physical diagnosis. This quality, combined 
with liis deep insight into human character, his tact, and a thoroughly 
optimistic attitude, made him one of the best Imovni consultants on the 
continent. His practice extended far beyond the borders of little post- 
war Austria. In his clientele were found many of the important figures 
who guided the destiny of their respective countries. 
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Presumably some of these facts influenced his attitude toward “full- 
time teachers,” for he was accustomed to emphasize the great importance 
of private practice for the research worker and for those entrusted with 
the teaching of medical students. He believed that private practice pro- 
wded a more ample opportunity to study material and a wider range of 
material than is available to the physician who limits his activities to 
hospitalized patients. 

It was rather tj’pical of Wenckebach that each new patient im- 
mediately awakened a great interest, and the subsequent therapeutic 
success pleased him like a new result, although he had seen it happen 
tliousands of times. This optimism, his real joy in therapeutic accom- 
plishment, and his unusual charm, coupled with a complete lack of 
affectation or ostentation, immediately impressed everyone in contact 
with him. 

It was one of his great regrets, to wliicli he often gave voice, that he 
had been imable to accept an invitation of Sir William Osier to visit the 
United States. In 1923, however, he was asked to deliver the Harvey 
Lecture in New York and the Herter Lecture in Baltimore. He utilized 
this opportunity to visit many of his American friends and to study 
many medical institutions in this country. His impressions were pub- 
lished in an interesting paper, “What We Can Learn From America” 
(Wien. Idin. Wchnschr, 37 : 217, 1924). Reference may be made to one 
point touched upon in that paper. He recognized the rapidly increasing 
importance of American developments in medicine, and, in an almost 
prophetic manner, urged his colleagues to added scientific efforts lest 
medicine in Vienna lag behind and become outdistanced by American 
medical achievements. 

Wenckebach’s life was a happy one. His rise from an obscure general 
practitioner in an unimportant village to one of the highest medical 
positions in Europe was well deserved. It was his good fortune, while 
still in the prime of life, to become one of the most famous physicians 
of Europe, and to see his scientific work recognized among fellow 
workers, as evidenced by honorary memberships in some of the most 
distinguished medical societies in the world. It was fortunate that he 
was permitted to serve humanity so long and so fruitfully. It was also 
a happy circumstance that he was able to continue his activities almost to 
the end of his long life. Although afflicted wdth a disease characterized 
by a prolonged and painful course, the closing phase was marked by 
serenity and peace. 


David S cheep. 
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